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Literature Review (Chapter 1) 
 
Importance of Habitat Restoration 
 
The preservation and restoration of prairies has grown in importance over the last century 
as a result of the global degradation and loss of grassland ecosystems from the expanse of 
agriculture and land development. Within Illinois, prairies have been reduced to less than 0.01% 
of their original cover (Anderson, 2006), where most of the high quality prairies remain along 
railway rights of way or areas that could not be used for agriculture. (Department of Natural 
Resources, 2013).  
The loss of grassland ecosystems not only results in a reduction in plant community 
diversity but also results in a loss in what those plant communities support. Vegetation acts as a 
foundation for biotic communities and a loss of plant species can have profound effects upon 
dependent communities ranging from microorganisms to the highest trophic levels. However, 
variation in effect is dependent upon the plant species’ niche or function role in the community. 
Wardle et al. (1999) found that removal of grassland perennials can have both positive and 
negative effects on the rest of the community. If looking at plant interactions, the removal of one 
species can shift the results of competition, especially if the species lost is dominant in the 
community. A positive change can occur if less dominant species gain greater access to 
resources, potentially resulting in increased species diversity by means of increasing species 
evenness (Wardle et al., 1999). Or the effects may be negative in that the dominant species may 
have been limiting the population expanse of other species which, after its removal, can take 
over, thus decreasing diversity. For non-dominant species removal, the effects can be just as 
great depending upon the degree of overlap on resource use with other species. A change in the 
community’s plant biomass and productivity may result as well (Wardle et al., 1999). Non-
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dominant species or satellite species play a major role in patch structure and species richness in 
tallgrass prairies, where their growing behavior, dispersal, and extinction strongly influence plant 
community structure (Harnet and Fay, 1998).  
 
Abiotic and Biotic Interactions 
Similar effects may be seen with plant interactions with animals or microorganisms, 
where the removal of plant species can result in a loss of some interspecific interactions such as 
herbivory, parasitism, predation, symbiosis, or competition. A change in the plant community 
can have a large effect upon the cycling of nutrients, given a change in the interactions with the 
soil microbial community, which plays a dominant role in the nutrient mineralization and 
decomposition processes (Wardle et al., 1999).  Several studies have found that certain plant 
species, including many early successional species, can alter the soil conditions resulting in a 
change in the microbial community, soil organic matter, and nutrient availability (Bezemer, et 
al., 2006, and Harrison and Bardgett, 2010). The alteration of abiotic and biotic properties of the 
soil by the presence of an individual plant is defined as plant-soil feedback. This can result in 
either a direct or indirect effect upon the productivity of that individual or other plants around it.  
Positive feedback results from increased nutrient access and mutualistic interactions, whereas 
negative feedback results from nutrient immobilization, depletion, and the impact of herbivores 
or pathogens (Bezemer, et al., 2006). Aboveground, many plant species have evolved to 
withstand minor to severe disturbances including intense grazing by large mammals, periodic 
droughts, and fires (Anderson, 2006). Many forbs also coevolved with small mammals and birds 
as a means of seed dispersal.  
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Species have evolved over thousands of years as a means of adapting to particular biotic 
and abiotic conditions and interactions present in the environment. Most plants and animals can 
be mapped onto particular abiotic gradients, particularly microclimates, which can include solar 
radiation, soil moisture, humidity, and temperature. The ability for soil to hold moisture, for 
example, has a large impact upon what species can grow there. Management practices such as 
burning can also alter soil moisture by increasing soil exposure, which can led to increased 
evaporation and thus lower soil moisture levels (Collins and Steinauer, 1998). However, the 
presence of some species can also alter the physical and chemical properties of the surrounding 
soil. Native species can decrease the bulk density of the soil within the top 10cm (Baer, et al., 
2002). A lower bulk density means pore volume increases which can have a significant impact 
upon soil moisture levels. This, in turn, can influence the availability of water and resources for 
plant growth (Chapin, et al., 2011). However, these gradients must affect the quality of habitat 
for these species in order for a response to be detected (Ries, et al., 2004). If change in the 
environment happens gradually, populations can adjust life cycles and genome composition to fit 
the new conditions (Swink and Wilhelm, 1994). If the change happens rapidly, usually defined 
as some sort of disturbance event, the species that are the most sensitive to change are typically 
the first to be lost.  
 
Disturbances 
Disturbance, however, is a commonly used tool by restoration ecologists to get an area to 
a point where it can be self-sustaining or where a low level of management is required. 
Disturbance is defined by Pickett and White as a force that alters the structure of the lower level 
units. In grasslands, this is the organization of the primary producers: vegetation (Collins, 1987; 
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Pickett and White, 1985). Burning and chemical and mechanical maintenance are just a few of 
the techniques used for restoration and land management purposes. Connell and Slatyer (1977) 
had noted if a system is stable, it will persist despite any perturbance, where succession remains 
as a continuous process. Today, most of the natural areas left have a high rate of natural or man-
made disturbances which results in the loss of sensitive or conservative species. However, in 
many ways, some level of disturbance is necessary for a community to remain in a stable state or 
to allow succession to take its course. One of the models for succession described by Connell 
and Slatyer, the inhibition model, suggests that either a disturbance event or the mortality of a 
pioneer species results in an opening in the community and thus opportunity for a longer lived 
species to take its place (Kneitel, 2012). Disturbance affects patch dynamics, which in some 
cases, can increase community diversity at a large spatial scale (Collins, 1987).  
 
Fire 
Grasslands, in many ways, are maintained by disturbance events. The high variability in 
the three major classes of disturbances (fire, grazing, and climate fluctuations) maintains 
tallgrass prairies in a nonequilibrium state (Knapp and Seastedt, 1998, and Hartnett and Fay, 
1998). Anderson (1987) stated that many ecologists believe that prairies have only been 
sustained in the eastern United States for the past 5,000 years as a result of the annual burns set 
by Native Americans. Fire is considered an important, natural part of grassland communities and 
can stabilize or destabilize the system based on interactions between species and fuel availability 
(Collins, 1987 and Anderson, 1987). Pickett stated that disturbance alters biomass and resource 
availability, suggesting that fire helps to maintain grassland structure and function (Collins and 
Steinauer, 1987). Fires, today, are widely used to manage grassland ecosystems as a means of 
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controlling vegetation species composition including the ratio between woody species, forbs, and 
grass types (C3 and C4). Fire can reduce or eliminate the presence of woody species, thereby 
preventing succession of grassland to woodland (Glenn-Lewis et al., 1987). Fires have been 
shown to kill tree saplings as well as slow the growth of smaller established trees (Heaton, 2000). 
One study found that after a single burn in a grassland neighboring a woodland, 34.1% of the 
blackjack oak (Quercus marilandica) and black hickory (Carya texana) over 9cm in diameter, 
died within the first year (Anderson, 2006).   
The success of burn regimes is affected by a variety of factors including timing of burn 
(spring, winter, fall), climatic conditions (temperature and precipitation), vegetation composition 
(ratio of cool/warm season species and species morphologies and phenologies), topography, and 
burn frequency and intensity (Anderson, 1987, and Collins and Gibson, 1987).  
Timing of the grassland burns has a large effect upon species composition. Spring burns 
tend to favor C4 grasses because the soil temperature is higher as a result of more sunlight 
reaching the ground after the fire (Glenn-Lewin, et al., 1987). These conditions also reduce soil 
moisture due to increased evaporation (Collins and Steinauer, 1998). Big Bluestem (Andropogon 
gerardii) is a dominant matrix grass which greatly benefits from springtime burns (Hartnett and 
Fay, 1998, and Svejcar, 1987). Burning stimulates rhizome development as well as early tillering 
and increased flowering. This stimulation of the rhizome can be substantial, given rhizomes 
comprise 25% of the total belowground biomass as found by one study (Rice, et al., 1998). This 
results in increased growth and competitive ability (Hartnett and Fay, 1998). Little bluestem 
(Schizachyrium scoparium), on the other hand, is negatively affected by burns. One study had 
found that there was a negative relationship between fire management and mycorrhizae root 
colonization of little bluestem (Kaufman, et al., 1998). Spring time burns were found to also 
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have an effect upon annual plant species. Many annual species are killed during spring time 
burns which prevent them from setting seed, resulting in a change in species composition in the 
following years (Hartnett and Fay, 1998). As a result, fire regimes can reduce vegetation species 
diversity; however, the extent of the impact is dependent upon burn frequency (Collins, 1987). 
Many forbs increase in abundance with a decrease in fire frequency (Hartnett and Fay, 1998). 
Populations of many annuals and short lived species can also decrease with annual burnings. In 
contrast, greater nitrogen limitation from volatilization of organic nitrogen during annual or 
frequent burning can result in increased abundance of nitrogen fixing plant species such as 
legumes (Hartnett and Fay, 1998). A study by Risser and Parton showed that this loss in nitrogen 
is two times greater than the amount input back into the system by rainfall or biogeochemical 
pathways by microorganisms (Anderson, 2006).  
Fire can have a significant effect upon many different factors; however, it should be 
noted that the extent of effect may be dependent upon the starting conditions (Collins et al., 
1998). Additionally, species living in grassland ecosystems should be adapted to nonequilibrium 
fluctuations in environmental conditions resulting in close relationships between biota and the 
environment from the lowest tropic levels to the highest, including vegetation and bird species 
(Kaufman, et al., 1998). For example, most plant species have the majority of their growth points 
below the ground which helps to prevent mortality from fire and grazing. Prairies store a 
significant amount of carbon and nutrients in both belowground biomass and organic pools of 
nonliving material as compared to forest systems (Knapp and Seastedt, 1998). Soil acts as a good 
insulator, preventing heat penetration into the ground (Anderson, 1987). As a result, plants 
maintain a below ground biomass that is two to four times greater than the total above ground 
biomass (Rice, et al., 1998). Fire has been found to increase belowground biomass by up to 20% 
7 
 
in one study comparing recently burned and unburned plots (Glenn-Lewin, et al., 1987, and 
Seastedt and Ramundo, 1987). 
Fire can have both direct and indirect effects upon energy cycling, nutrients (N,P,C), 
water availability, light availability and litter content (Seastedt and Ramundo, 1987; Collins and 
Steinauer, 1998). Mortality of species as well as the change in amount of standing litter present 
are both direct effects of fire. A study by Golley and Golly found that 20% of the plant biomass 
produced each year does not fully decompose and as a result, the productivity of the grassland 
decreased the following season if it was not removed by fire or grazing (Anderson, 2006).  
Differences in fire management, mowing, or shredding can have a significant impact 
upon aboveground biomass and net primary production (NPP), and as one study had found, can 
reduce the relationship that is traditionally found between the concentration of aboveground 
biomass and the passage of time since restoration (Baer, et al., 2002). Knapp, et al. had found 
that three years after a burn, the detritus could reach up to 1,000g/m2 (1998). Litter removal can 
result in a change in microclimate which creates conditions more favorable for C4 grasses. The 
burned dark surface results in faster warming of the soil in the spring, which directly affects 
aboveground productivity (Anderson, 2006; Collins, 1987; Anderson, 1987). Plant productivity 
is an important factor in measuring ecosystem function for grassland habitat and it varies with 
changes in climate, such as precipitation and temperature, disturbance events including fire and 
grazing, topography of the land, and the interactions between each of these factors (Baer, et al., 
2002). The increase in aboveground net productively primarily results from C4 grasses when 
comparing burned to unburned sites, especially if the sites are annually burned (Knapp, et al., 
1998). Forbs have shown an increase in aboveground primary productivity, but only on sites that 
are burned less frequently (Collins and Steinauer, 1998).  However, increased productivity may 
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only last a season or two after burning (Anderson, 1987) and is dependent upon the availability 
of water, nitrogen, and light (Knapp and Seastedt, 1998).  
The addition of fire management can also cause an increase in secondary productivity by 
soil invertebrates and microbes, which positively affects nutrient cycling (Seastedt and 
Ramundo, 1987). The higher soil temperatures from removed aboveground biomass increase soil 
organic matter mineralization, which on a short term scale can offset N volatilization from 
burning (Ojima, et al., 1987, and Blair, et al., 1998). Extractable soil nitrate and ammonium, 
normally decline over time as restored prairies age as a result of plant uptake. Although, 
overtime, even the nitrogen tissue concentration in the plant roots will decline naturally, over 
time in restored grasslands (Baer, et al., 2002). Taking consideration of grassland age is 
important for a number of reasons. As succession and time since restoration increases, root 
biomass increases along with the root C:N ratio and carbon storage. A study by Baer, et al., 
suggested that an increase in root biomass likely improves the soil structure in the top 10cm by 
altering the physical and chemical properties of the soil as well as by increasing soil microbial 
activity (2002). As time passes, the presence of native grasses increases the total carbon, 
microbial biomass of carbon, and carbon mineralization rates as the soil bulk density decreases 
(Baer, et al., 2002). Baer, et al., found total carbon, for example, was 26% higher in a 10-12 year 
restored prairie than a 2 year restoration project in Colorado. And as compared to a former 
cropland, total and active soil organic matter (SOM) increased as well on restored sites. Over 
time, the restored prairie approached that of the nutrient levels seen in a remnant prairie after 
about 12 years (Baer, et al., 2002).  
However, as burn frequency increases over a longer time period, organic matter 
mineralization begins to decrease as a result of increased root biomass and higher rates of 
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nitrogen immobilization (Ojima, et al., 1987). Burning results in lower nitrogen concentration in 
both roots and rhizomes. This increases the C:N ratio, where carbon fixation is higher due to 
increased productivity by C4 grasses and low nitrogen levels (Collins and Steinauer, 1998). The 
first year after burning the levels of microbial carbon and nitrogen are high, but after prolonged 
burning, one study found that they decrease to levels that are 13-16% lower than in the control, 
unburned sites (Ojima, et al., 1987). C4 grasses can also reduce nitrogen availability in the soil to 
levels lower than many plant species can tolerate, resulting in increased competitive advantage 
for C4 grasses (Collins and Steinauer, 1998). However, because plant species have evolved with 
a high level of environmental stochasticity, most species can internally recycle up to half of their 
nitrogen requirements (Seastedt and Ramundo, 1987, and Blair, et al., 1998). The loss of 
nitrogen can also be partially offset by litter removal, allowing inorganic nitrogen from 
precipitation to reach the ground more readily. Additionally, litter consumption was found to 
increase soil levels of phosphorous, an important component in the nitrogen fixation process 
(Anderson, 2006). 
Climatic conditions, primarily the amount of precipitation, influence effects of burn 
regimes on grasslands. One study showed that in areas that received less than 600mm/yr of 
precipitation, grassland burning was associated with a negative effect on productivity. In eastern 
tallgrass prairies (including Illinois) where precipitation is greater than 700mm/yr, burning 
increased belowground productivity (Anderson, 2006).  
Fire can influence community structure and dynamics by causing changes in diversity, 
evenness, richness, reproduction, immigration, and overall site heterogeneity. Frequency of 
burns can affect seedling density by altering seed bank composition, seed immigration into a site, 
and seed germination. In oligotrophic systems, species diversity, plant colonization, species 
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composition, and succession are strongly limited by species seed pools, affecting both 
community structure and dynamics (Foster, et al., 2009). A few studies have found that sowing 
of native species can increase species diversity, rate of turnover, and biomass production of the 
grassland system if the species are able to colonize and persist (Smith, et al., 2002 and Foster et 
al., 2009). A greater seed pool at the local level can help to regulate ecosystem function and 
productivity by altering what species are available to colonize sites (Foster et al., 2009). Because 
the soil seed bank can be different from that of the vegetation present, the success of restoring 
species diversity cannot rely simply upon the soil seed bank, but should include seed from 
outside the restoration site (Smith, et al., 2002).   
A study done in Konza prairie found that fire regimes affect the variation in reproduction 
and densities of some forb species (Hartnett and Fay, 1998). One study found that warmer soils 
resulting from litter consumption can increase the germination of seeds in legume species 
(Glenn-Lewin, et al., 1987). In contrast, if litter is not removed, it was found that litter inhibited 
seed set as well as germination and growth of many prairie species (Collins and Gibson, 1987). 
An adaptation evolved by many species to avoid this potential effect upon reproduction, given 
the variable environment, is to reproduce mainly vegetatively. (Knapp and Seastedt, 1998, and 
Hartnett and Fay, 1998).   
Fire can affect species richness, diversity, competitive interactions, micro-succession, and 
patch structure. One study had suggested that diversity and richness can be maximized with 
periodic, not annual burns (Collins and Gibson, 1987; Hartnett and Fay, 1998). This is due to the 
fact that burning tends to decrease the cover of annuals, forbs, C3 grasses, and woody vegetation 
(Knapp and Seastedt, 1998; Collins and Gibson, 1987). Increased burn frequency results in 
decreased species diversity and richness. A decrease in site heterogeneity results from a decrease 
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in coverage of these satellite species and an increase in coverage of dominant matrix species, 
consistent with the core-satellite hypothesis (Collins and Gibson, 1987).  Because core or matrix 
species are usually more stable and widely distributed, whereas satellite species are rare, 
localized, and highly variable (Kaufman, et al., 1998), the core-satellite hypothesis suggests that 
a change in the distribution and abundance of satellite species results in variable temporal 
patterns within the ecosystem.  Rarer species tend to persist because they have higher rates of 
seed dispersal and immigration into small patches (Hartnett and Fay, 1998). Dispersal and 
colonization by dominant species into new habitats is more limited, especially in fragmented 
landscapes. Dominant species, however, are very important because they control the structure 
and function of vegetation in grassland communities, forming the basis for habitat structure and 
food availability for many species (Collins, et al., 1998).  Studies have found greater diversity 
and heterogeneity in unburned sites as compared to annually burned sites (Collins and Steinauer, 
1998). The pattern of vegetation is dependent upon burn frequencies (Risser, 1987).  
 
Grazing and Mechanical Maintenance 
However, in most cases, fire is not the only disturbance acting upon grassland 
ecosystems. Thus, the results of different burn regimes are also influenced by other factors, 
including climate and grazing. The disturbance regime, a combination of interacting biotic and 
abiotic factors, helps to maintain structure and function of grassland ecosystems (Collins and 
Gibson, 1987). Grazing, fire, and climate affect vegetation structure by altering the intensity and 
pattern of competition, predominately between grasses and forbs, through changes in resource 
availability (Collins and Gibson, 1987; Knapp and Seastedt, 1998). Structure is not only affected 
at the vegetation level, but all the way through the trophic levels (Kaufman, et al., 1998).  
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Grazing or mechanical maintenance such as mowing can mimic the effects that fire has 
on the grassland community by influencing the relationships between nutrients and availability 
of water and energy (Knapp and Seastedt, 1998). The concentration of nitrogen and phosphorous 
in plant shoots can increase as a result of the removal of aboveground biomass through mowing 
or grazing. The movement of phosphorus and nitrogen belowground can also be delayed at the 
end of the season (Blair, et al., 1998). However, mowing or grazing can also result in some 
negative effects in terms of productivity and nutrient cycling. Like annual fires, nitrogen 
concentration in plant roots can be decreased by annual mowing. Additionally, the removal of 
aboveground biomass can result in decreased root biomass as well as decreased plant carbon 
input into the soil which decreases soil microbial activity (Rice, et al., 1998). Overall, the 
selectivity and grazing patterns affect plant growth and demography as well as soil mychorrhizae 
(Kaufman, et al., 1998). 
Most prairie species have a tolerance for grazing based on the ancient association 
between grazers and grassland communities (Anderson, 1987). Although many of the large 
native grazers have been extirpated from a large portion of the remaining prairie habitats in the 
United States, smaller grazers, like the White-tailed Deer (Odocoileus virginianus) serve as a 
source of disturbance to reduce the growth of woody species in grassland habitats. Grazing also 
disturbs the structure of grassland habitat, opening gaps, allowing for seed germination (Smith, et 
al., 2002). A collection of studies on Illinois and Kansas restoration have shown that after 25-35 
years, plant diversity begins to decrease after establishment even with a continual supply of 
seeds set by native species. This bring to light the importance of disturbance events (Camill, et 
al., 2004). However, overgrazing by large deer populations on native forb and shrub species can, 
in turn, have a detrimental effect upon grassland stability. The tolerance level that each species 
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has to grazing is limited by timing and intensity of defoliation, intensity of competition between 
species, and the availability of resources (Hartnett and Fay, 1987). Grazing however, also differs 
in effects compared to fire. Grazing has a tendency to suppress competitive dominants compared 
to fire, resulting in increased competitive advantage of non-dominant species and contrasting 
effects upon community diversity and heterogeneity (Hartnett and Fay, 1987). A study done in 
the Wichita Mountains Wildlife Refuge that examined the effects of burning, grazing, and the 
combination of the two (with no management as a control) found that burning alone resulted in 
low diversity, low evenness, but higher species richness. In contrast, grazing alone had high 
diversity, high evenness, but the lowest species richness of the four treatments (Collins and 
Gibson, 1987). These results were corroborated by another study that found grazing by bison 
increased plant species richness, diversity, and overall community heterogeneity (Blair, et al., 
1998). Collins and Gibson found that if fire and grazing were used together to manage the site, 
species diversity and richness were the highest of the four treatments, but species evenness was 
similar to that of using fire only (Collins and Gibson, 1987).  
 
Interactions between Disturbance Events 
Burning and grazing interact to affect community structure. Community heterogeneity 
tends to decrease using burn management; however, ungulates are attracted to burned areas due 
to an increase in grass palatability, thereby increasing heterogeneity as a result of grazing 
(Collins and Gibson, 1987). Heterogeneity is also positively correlated with species diversity. 
Typically, restored grasslands are difficult to manage at the start, particularly if they were 
recently converted from farmland. Agriculture lands tend to have high site heterogeneity but the 
soil is usually also high in nutrients. High nutrient levels benefit dominant species, resulting in 
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lower species diversity over time (Collins, et al., 1987). This dominance, as one study found, in 
fertilized grassland plots can led to resistance of invasion and thus the diversity and richness of 
the site was limited more by competitive exclusion and micro-site availability (Foster, et al., 
2009). Collins and Gibson suggested that because disturbances such as fire and grazing have 
different effects on community structure, species richness may be maintained with annual 
burning if another disturbance such as mowing is used, to prevent competitive advantages gained 
by matrix species under an annual burn regime (Collins and Gibson, 1987).  
 
Bird Response to Disturbance Events 
Combinations of disturbances (e.g., fire, grazing) can affect higher order communities 
such as birds. Changes in vegetation structure and composition, including standing dead 
vegetation and presence of woody species, influence distribution of bird species spatially and 
temporally in grassland habitat (Kaufman, et al., 1998). Birds primarily respond to the three 
dimensional visual structure of the habitat; therefore, habitat usage and carrying capacity of an 
area is dependent upon structure and not necessarily on food availability (Kaufman, et al., 1998). 
Vegetation structure is related to the degree of visual obstruction that standing vegetation can 
provide and thus the degree of cover the vegetation allows, especially in terms of concealing 
ground nesting bird species from predators. Vegetation structure can both respond to and as well 
as affect the presence of other environmental conditions and species distribution. It can be found 
to respond to many abiotic factors including age, soil moisture, and different types of 
management practices. It can also respond to biotic factors such as competition. However, 
vegetation can affect not only the microclimate of nesting sites but also the availability of 
required nesting substrates (Kaufman et al., 1998). Grassland communities, in general, have 
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lower species richness than forest habitats as a result of reduced canopy cover. The presence of 
woody species can be both beneficial in protecting small birds from predators as well as reducing 
the fluctuation of night time temperatures in grasslands (Kaufman, et al., 1998). Disturbances 
such as fire and grazing can reduce woody species in prairie habitats which can directly affect 
the presence of different bird species. Species including the Brown Thrasher (Toxostoma rufum), 
Swamp Sparrow (Melospiza georgiana), and Field Sparrow (Spizella pusilla) prefer grasslands 
with scattered shrubs for nesting. However, overgrown shrub species can become unsuitable for 
nesting sites as well. On the other hand, some area-sensitive species will not nest in grasslands if 
there are a large number of small shrubs or trees present, regardless of the size of the grassland 
(Heaton, 2000). As a result, management practices can have a large impact upon what species are 
present, by means of making the habitat suitable for one group of species but not for others 
(Heaton, 2000). Management decisions to mechanically or chemically remove woody species 
from a grassland, or to intentionally plant woody species for the purpose of creating an oak 
savannah, result in the exclusion of certain bird species based on their habitat preference.  
Bird species also have varying responses to combinations of disturbance events. In years 
with high precipitation amounts, relative abundance of grass- and forb-dependent bird species 
was not affected by annual or periodic fires (Kaufman et al., 1998). However, as fire frequency 
increased, total numbers of birds and bird species tended to decline (Collins and Steinauer, 
1998). Similarly, woody plant-dependent species are more detrimentally affected by annual 
burns than periodic burns (Kaufman, et al., 1998). As burn frequency increases, the structure of 
grassland communities becomes more homogeneous. As a result, primary and secondary 
consumers in grasslands were found to respond similarly to burn events (Collins and Steinauer, 
1998). Response to grazing, on the other hand, does not show a similar parallel relationship 
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between producers and consumers. Intensity of grazing is inversely related to bird species 
richness within a community. The study in Wichita Mountains Wildlife Refuge had a slight 
increase in plant community species richness in response to grazing alone (Collins and Gibson, 
1987). Grazing reduces heterogeneity of plant community structure which results in a decrease in 
the carrying capacity of the area and decreased evenness among bird species (Kaufman, et al., 
1998). Kaufman et al. (1998) found that grass- and forb-dependent species had a reduction in 
abundance and a two week delay in nesting in sites that were both burned and grazed.  
 
Other Influencing Factors 
Grassland communities also respond to other abiotic and biotic factors including 
fragmentation, introduced species, and invasive species. Non-native plant species may alter 
community dynamics by outcompeting native species. In the Chicago metropolitan area, one 
third of the 2,530 vascular plant species identified in the region have been introduced. Of those 
introduced species, only 150 species dominant 95% of the landscape (Swink and Wilhelm, 
1994). 
 
Invasive & Non-native Species 
 Invasive species can be characterized as having high dispersal rates and are commonly 
found, usually as pioneer species, in disturbed habitats. They are successful in these habitats 
because their population growth is not substantially limited by predators, herbivores, diseases, or 
parasites. And depending upon the situation, invasive species can be better competitors than 
native species (Primack, 2010). A study by Daehler (2003) found that ability of invasive species 
to outcompete native species depended upon habitat conditions. Of 55 native-invasive species 
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comparisons, few invasive species had increased performance over native species under many 
different conditions, suggesting that few invasive species can dominate a broad range of habitats. 
However, if availability of resources (e.g., light, nutrients, water) was high, then invasive species 
were more likely to dominate native species. Intensity and type of disturbance also influenced 
abilities of invasive species to outperform native species. The study also showed that invasive 
species tend to have lower costs of leaf production and larger leaf area (absolute leaf area and 
ratio of leaf area per total plant biomass), suggesting increased growth rates under certain 
conditions. In addition, invasive plants tended to have greater phenotypic plasticity, allowing 
them to be successful (but not necessarily outcompete native species) in a wide range of 
environments (Daehler, 2003).  
Invasive populations may also have a higher growth rate than native species and their 
populations may not be limited as heavily by external factors such as disease, parasitism, 
herbivory, or predation. Daehler (2003) had found, however, that invasive species were limited 
by nutrient availability. In earlier studies, growth of invasive species was limited by reducing soil 
nitrogen or potassium through removing topsoil, adding sawdust, or stimulating the soil 
microbial community to increase nitrogen consumption (Daehler, 2003).  
Bird communities have also been found to respond to presence or absence of native and 
non-native plant species. One study found that the abundance of native grassland bird species 
including Western Meadowlark (Sturnella neglecta), Upland Sandpiper (Bartramia longicauda), 
Sprague’s Pipit (Anthus spragueii), Baird’s Sparrow (Ammodramus bairdii), and Savannah 
Sparrow (Passerculus sandwichensis) were positively correlated with the abundance of native 
plant species but negatively correlated with the abundance of introduced species. On the other 
hand, some native species including Vesper Sparrow (Pooecetes gramineus), Clay-colored 
18 
 
Sparrow (Spizella pallida), and Grasshopper Sparrow (Ammodramus savannarum) were found to 
be negatively correlated in abundance with the presence of native plant species but were 
positively correlated with the abundance of introduced species. A suggested reason for these 
patterns was that introduced species tend to replace native species, thus producing changes in 
species composition at various trophic levels (Wilson and Belcher, 1989). 
 
Habitat Fragmentation 
Like other aspects of ecosystem structure and dynamics (e.g., disturbances, invasive 
species), habitat fragmentation may influence presence and absence of different species at 
various trophic levels. As noted earlier, demographic characteristics of dominant plant species 
often result in lower rates of dispersal into fragmented areas (Collins, et al., 1998). Bird 
community composition is also greatly altered by habitat fragmentation, but for a different 
reason. A study done in Ohio showed that bird species, including Indigo Bunting (Passerina 
cyanea), Yellow-Breasted Chat (Icteria virens), and Blue-Winged Warbler (Vermivora 
cyanoptera), avoided habitat edges (Rodewald and Vitz, 2005). Land managers often have 
favored large grassland-shrubland edges because they support large numbers of wildlife species. 
For grassland birds, however, large edges have resulted in higher nest predation rates for birds 
nesting near the edge, reducing the number of fledglings produced (Heaton, 2000). One study 
showed that increased nest predation extended 45m from the edge into the grassland habitat 
(Heaton, 2000). The ecological term commonly used for this type of observation is called “edge 
effect.” Some studies have shown that birds, as compared to mammals or some amphibians, do 
not avoid the predation pressures near habitat edges which may pertain to the inability of 
accurate risk assessment. Predation on seeds, herbivory, and pollination have also been noted to 
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change near the edge of a habitat (Ries, et al., 2004). All three of these factors can have 
substantial effects upon the plant community structure and composition near the edges of 
habitats.   
 
Edge Effect 
The habitat edge to area ratio has a large impact upon area-sensitive species. A study 
done by Rodewald and Vitz (2005) found that species such as Yellow-Breasted Chat (Icteria 
virens) were positively correlated in abundance to an increase in area, although not significantly. 
Highly area-sensitive species such as Bobolinks (Dolichonyx oryzivorus) and Savannah 
Sparrows (Passerculus sandwichensis) will not nest in small grasslands (Heaton, 2000). As 
patches become smaller and more oddly shaped, the remaining area becomes dominated by the 
edge habitat. The edge differs from the interior as a result of four important mechanisms: 
ecological flow, species interactions, resource mapping, and access (Ries, et al., 2004). 
Ecological flow refers to the permeability of energy, materials, and organisms at the edge of two 
different types of habitat. The ability of species to access these resources such as light, moisture, 
nutrients can be maximized at the edge of two adjacent habitats if the resources are spatially 
separated and different in each habitat (Ries, et al., 2004).  
 
Proximate and Landscape Factors 
More recent studies have noted that the continuity of habitat beyond nesting territories 
can also play a large role in the distribution and abundance of some species of grassland birds. 
They have found that birds can respond to features in their habitat at a variety of scales. As a 
result, at the landscape scale, habitat fragmentation has become an important factor that can 
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impact the rate of population change (Cummingham and Johnson, 2006). Over the last several 
decades, grassland bird populations have decreased substantially in comparison to woodland 
species as a result of the loss, degradation, and fragmentation of grassland habitat for breeding. 
However, the sensitivity in which species react to changes in habitat at the landscape scale varies 
both from species to species as well as from habitat to habitat (Cummingham and Johnson, 
2006). A study by Cummingham and Johnson found that grassland birds can respond to different 
landscape and proximate factors in nesting areas at scales ranging from 200 to 1600m (2006).  
At the proximate scale, tree cover was found to be one of the most important variables 
affecting habitat selection and nest success of several grassland bird species as well as 
influencing the activity of some predators (Cummingham and Johnson, 2006). Of the 19 species 
that were observed utilizing over 2000 plots in the Sheyenne National Grassland in North 
Dakota, 15 species were influenced by the presence of trees within the plots. Thirteen of those 
species negatively responded to tree cover, whereas the other two species, Field Sparrow 
(Spizella pusilla) and Vesper Sparrow (Pooecetes gramineus), responded positively. The other 
landscape factors, grass, shrub, and wetland presence were found to be of lower importance for 
predicting the presence/absence of bird species, primarily because of the way that the habitats 
grade into one other (Cummingham and Johnson, 2006). They found that many of the wetland in 
the site, most of which were dry during the study, had little structural differences than the 
surrounding grassland. Also the wetlands lacked open water which can act as a deterrent for 
some grassland species. Additionally, the shrubs scattered throughout the grassland were also 
small and lacked clustering, thereby creating little structural difference within the surrounding 
grassland. The presence of trees, on the other hand, created a stark contrast in vegetation 
structure. However, the study found that predicting the probability of a particular species 
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occurring within one of the plots was best when both proximate and landscape factors where 
included in the model (Cummingham and Johnson, 2006). Therefore the authors suggested that a 
better understanding of the population changes in various bird species at a proximate scale, can 
be obtained by knowing information about the surrounding landscape (Cummingham and 
Johnson, 2006).  
 
Restoration Influences upon Bird Distribution 
Habitat restoration may influence species composition, diversity and evenness of bird 
communities, and habitat heterogeneity. An increase in habitat heterogeneity tends to increase 
complexity of the bird community. Restoration, through decreasing nest predation, increasing 
nest success, and increasing breeding and foraging habitat, has also been shown to increase 
densities of breeding and migratory species within sites. Chick foraging rates and better body 
condition was also seen as a result of restoration effort. Additionally, restoration can offset 
impacts of habitat fragmentation, allowing areas for migrant species to stop over as well as 
encouraging recolonization of areas from which bird species populations have been extirpated 
(Ortega-Alvarez and Lindig-Cisneros, 2012).  
However, bird response to restoration practices is species dependent and is influenced by 
a number of other factors including the location and geometry of the site, habitat characteristics, 
landscape properties (including fragmentation and juxtaposition of fragmented areas), size, 
vegetation features (including development/age, height, cover, composition and availability of 
perches), and the time scale (Ortega-Alvarez and Lindig-Cisneros, 2012). Change in resource 
availability can also be a cause of fluctuation in the bird community, especially on an inter-
annual basis. Not all restored sites are successful in attracting disturbance-sensitive or specialist 
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bird species, and there may be a time lag between restoration activities and the response by bird 
communities (Ortega-Alvarez and Lindig-Cisneros, 2012). 
 
Kane County Forest Preserve District 
Given the close relationship between biotic and abiotic factors in the ecosystem, and a 
complex system of ecological interactions including the disturbance regime, decisions related to 
grassland management are challenging (Collins and Gibson, 1987, and Knapp and Seastedt, 
1998). Organizations like county forest preserve districts face many of these restoration 
challenges and must make difficult decisions based on final objectives for the restoration project. 
Kane County Forest Preserve District is one such organization that is responsible for managing 
60 different preserves across the county, covering over 81km2; their main objective: “to preserve 
and restore the nature of Kane County” (Kane County Forest Preserve District, 2013). 
The land that the forest preserve district owns, with the exception of the land leased for 
agriculture, is restored and maintained as either grassland, wetland, or woodland. The sites are 
divided into management units based on habitat types, where the number and division of 
management units depend upon the size of the property and the geography seen on the ground. 
The burn units for the sites are set up similarly, where geography and practical areas for burn 
breaks, such as the presence of a trail, dictate the edges of the units. As a result, the management 
units and burn units do not follow the same boundaries and some burn units may include parts of 
several management units (Haberthur and Johnson, 2013). The units serve as divisions for both 
in-house and contractual work within the preserves which can be monitored over time.  
The grassland areas selected for this study were sites that were all planted at various 
times, either by the forest preserve district, hired contractors, or the previous land manager prior 
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to purchase. Preserves such as Prairie Kame that included a portion of remnant prairie, were not 
reseeded but still were used for the study. It is expected that there will be a difference in 
vegetation structure between remnant and young restored prairies as one study has shown. The 
vegetation in reconstructed prairies was found to be taller with a higher stem density than 
remnant prairies (Ammann and Nyberg, 2005). However, given the small size of the remnant 
patch in this proposed study, it is unclear whether or not its inclusion in the study will have an 
effect upon the results.  
The original project on which the proposal study is based aimed to 1) observe the change 
in vegetation structure as recently planted prairies develop and 2) quantify effects of changes in 
the vegetation on grassland bird community (Williamson, 2009). The project included measuring 
the vegetation structure, in terms of visual obstruction, at randomly selected points within the 
grassland units in eight different preserves. This data could then be compared to the bird 
sightings at different survey points by experienced volunteer surveyors over time.      
 
Main Study Objective 
The main objective of the study was to determine if management practices had an effect 
upon grassland plant community composition and bird community make-up. Grassland 
management was analyzed in terms of type and frequency of chemical and mechanical 
maintenance and the burn regime. In addition, the abundance of plant and bird species were also 
analyzed to determine if they responded to other abiotic or biotic factors/gradients including 
prairie age, frequency of seeding/planting, soil moisture, grassland size, fragmentation, and 
proportion of grassland edge bordering other habitat types or maintained areas.   
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The objective of the data analysis was to examine the prairie community as a whole, by 
looking at the various mechanisms that could potentially influence grassland bird and plant 
community composition and structure. One way of doing that is preforming a multivariate 
analysis. The benefits of using a multivariate analysis include efficiency, where all species can 
be analyzed in one step and relationships between all variables can be examined. It also 
simplifies the data set by reducing dimensionality while at the same time finding patterns 
amongst and within the large number of observations (Gotelli and Ellison, 2013).  
 
Canonical Correspondence Analysis 
The multivariate analysis used was the Canonical Correspondence Analysis (CCA). This 
analysis is very similar to the Redundancy Analysis (RDA), however, it assumes that the 
relationship between the response and explanatory variables is Gaussian instead of linear. 
Species abundances typically fit this type of analysis better given their response to change in an 
environmental condition, typically is not linear (Grugger, n.d. and McGarigal, et al., 2000). 
Furthermore, RDA assumes that the independent and dependent variables have a causal 
relationship between them. In contrast, the response variables (ex: species abundances) in CCA 
are used to generate a unimodal axis and a linear axis is generated in respect to the explanatory 
variables (ex: environmental conditions) (Gotelli and Ellison, 2013).  
 
Hypotheses 
The main hypothesis for this study is that the abundance of grassland bird and plant 
species will be positively related to the increase in frequency of maintenance events including 
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burn, chemical, and mechanical maintenance. A related sub-hypothesis is that the bird and plant 
communities will also respond to other abiotic and biotic factors or characteristics of the units.  
 
Synthesis of Research (Chapter 2) 
Abstract 
Loss of grassland ecosystems over the past century has increased importance of efforts to 
improve and restore habitat for native plant species and the biotic communities they support. As a result 
of these efforts, biotic and abiotic conditions and interactions with the environment are altered. Species 
evolution based on these particular environmental conditions has caused many species to be mapped onto 
various environmental gradients which can be defined as niche separation. This study attempted to 
determine what environmental gradients had the strongest impact upon grassland bird and plant species 
niche separation, particularly those gradients defined by management activities such as burning, chemical 
maintenance, and mechanical maintenance of forbs and brush. The main hypothesis tested was that 
abundance of grassland bird and plant species will be positively related to the increase in frequency of 
maintenance events including burn, chemical, and mechanical maintenance. The related sub-hypothesis is 
that bird and plant communities will also respond to other abiotic and biotic factors or characteristics of 
the sampling units. In 45 sampling units within 9 forest preserves in Kane County, IL. Plant species 
percent cover, bird species abundance, soil moisture, and vegetation structure were measured. Data 
including burn regime, chemical and mechanical maintenance, grassland age, and seeding/planting 
frequencies were obtained from the Forest Preserve District of Kane County. Other variables analyzed 
including percent fragmentation, grassland size, and proportion of neighboring habitat type (forest, 
wetland, and shrubland) or land use (developed or agriculture) were determined using ArcMap. Eighteen 
environmental/management factors were analyzed against 156 plant species and 42 bird species across the 
45 sampling units using canonical correspondence analysis (CCA). CCA axes explained 45.1% and 
51.5% of total variation in plant and bird species distributions, respectively.  This study’s two hypotheses 
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were partially supported because both grassland plant and bird species responded positively to mechanical 
maintenance of brush and forbs, prescribed burning, and other environmental factors. Top 
environmental/management factors that influenced plant species distribution were hours of mechanical 
forb maintenance; followed by proportion of neighboring forest, wetland, and shrubland within a 400m 
radius; hours of mechanical brush maintenance; vegetation height; and grassland size within a 200m 
radius. Top factors that influenced bird species distribution were soil moisture followed by grassland size 
within both 200m and 400m radii, percent fragmentation both 200m and 400m radii, hours of mechanical 
forb maintenance, and proportion of neighboring agriculture cover within a 400m radius. Ten factors, 
three of which were maintenance activities, influenced both plant and bird species distributions. Results 
of both plant and bird species CCAs suggest that there is no single dominating environmental gradient 
that influences distribution. Moreover, additional environmental factors not included in this study may 
influence both grassland plant and bird species distributions. This study highlights the importance of 
conducting observational analyses on management sites to determine what major factors influence species 
presence and how management decisions can best be used to have the largest benefit upon the community 
as a whole.   
Key Words: environmental gradients □ niche separation □ species distribution □ 
environmental/management factors □ grassland bird species □ grassland plant species 
 
Introduction: 
 Restoration of natural ecosystems is an important component in protecting and preserving 
the environment for future generations but also in maintaining the ecosystem services and value 
of products that are provided by the current environment today. Due to complexity of 
relationships between the environment and the biota that it supports, it is important to determine 
what major factors influence the presence and abundance of that biota at various trophic levels.  
The adaption of species to different environmental conditions has allowed for many of these 
species to be predictably mapped onto particular environmental gradients (Collins and Steinauer, 
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1998). Furthermore, species presence can, in turn, influence environmental conditions which can 
impact the presence of other biota through interspecific and intraspecific interactions. From a 
management standpoint, these relationships are important because they can strongly impact the 
success of a maintenance regime and interfere with the overall management objectives. 
Although, much of the maintenance that was looked at in this study, focuses on maintaining the 
plant community, vegetation acts as the foundation for biotic communities and changes within 
the plant community may have a profound effect upon the dependent communities in which it 
supports.  
The objective of this study is to examine the grassland community as a whole and 
determine what mechanisms influence grassland plant and bird species composition and 
structure. The main hypothesis for this study is that the abundance of grassland bird and plant 
species will be positively related to the increase in frequency of maintenance events including 
burn, chemical, and mechanical maintenance. A related sub-hypothesis is that the bird and plant 
communities will also respond to other abiotic and biotic factors or characteristics of the units. 
These hypotheses were addressed using a canonical correspondence analysis which simplified 
the complex relationships between the presence of environmental conditions and species 
abundance by defining niche separation along identified environmental gradients.  
 
 
Methods- Data Collection: 
Study Sites: 
This study is a modification of a five year vegetation structure study that characterizes 
how vegetation structure affects grassland bird communities over time. This study focused on the 
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factors that influence not only the grassland bird community composition but also the plant 
community in nine Kane County Forest Preserves. More specifically, the focus of this study is to 
determine if species composition and abundance are related to type and quantity of restoration 
work is being done. If such a relationship is not present, the results of this study may help to 
determine what other possible factors, such as physical characteristics of the grassland, may be 
driving species presence.  
The nine forest preserves included in this study were Dick Young, Muirhead Springs, 
Prairie Kame, LeRoy Oaks, Hannaford, Big Rock, Burnidge, Aurora West, and Campton; all of 
which vary in both size of grassland habitat and age of restoration. The selection of the nine 
preserves was based on the proportion of grassland habitat that each preserve contained. 
Therefore, all nine preserves differ in the type and intensity of land maintenance history as well 
as the type and proportion of edge that these grasslands share with other habitat (woodland, 
wetland) and/or land usage types (developed, agriculture, etc.).  
 
Experimental Units: 
Each of the nine preserves had designated survey points for bird monitoring, denoted by 
some sort of land mark, such as a post. The surveys were done following the Bird Conservation 
Network (BCN) protocol for point counts. The point count protocol required that the survey 
points were at least 150m apart to avoid double counting. The surveys were started as close to 
sunrise as possible and ended no later than 9:00am to observe birds at peak activity. The surveys 
lasted no more than five minutes at each point and all birds seen or heard within 75m of the point 
were recorded. Birds that were seen passing through the site were recorded separately and not 
used in the final analysis. By doing so, this helped to ensure that the species recorded were 
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directly utilizing the grassland site in some way and therefore were indirectly or directly affected 
by the variables that were observed in this study including physical characteristics of the 
grassland and/or maintenance activities done.  
The bird survey points were used as the experimental units to which all other measured 
variables were related. The experimental unit encompassed the bird survey point and the 
surrounding 75m radius buffer, defined by ArcMap. These units will henceforth be denoted as 
the sampling units. Of the bird survey points within each of the preserves, only points and their 
corresponding buffer that fell within grassland habitat, defined by Kane County management 
records, were selected to be part of the study. Only a select few sampling units that overlapped 
with a different habitat type (woodland, wetland, maintained areas) were included, but only 
because the included proportion of another habitat type was considerably small. In total there 
were 45 sampling units used out of the nine preserves. Due to the size of the grasslands in each 
preserve and the number of bird survey points and their corresponding buffers that fell primarily 
within grassland habitat, the number of sampling units varied amongst all nine preserves. The 
breakdown of the sampling units within their corresponding preserves is shown in Appendix A.  
 
Management Data: 
Historic Data: 
This study included all burn, chemical, and mechanical maintenance that Kane County 
Forest Preserve District has recorded up to June of 2014, when sampling began. Burn 
management, chemical and mechanical maintenance, grassland age, and seeding/planting 
frequencies were all determined with reference to the original sampling unit, the75m radius bird 
survey area. Grassland size, percent fragmentation, and the proportion of neighboring land cover 
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around the grassland units were determined within areas with two different radii: 200m and 
400m. These two spatial scales were included to observe the possible effects of landscape factors 
upon species distribution. As a result, the new areas included the main 75m radius survey area, 
where the radius was determined using the bird survey points as the center point.  
 
Burn Management: 
Weighted burn frequency was calculated as a weighted average for number of times a 
sampling unit was burned since 2004, with each portion of a unit burned at a specific frequency 
weighted by proportion of the unit’s area (both determined from a GIS layer). Many of the 
sampling units overlapped two or more management units, burn units, or burn histories. By 
weighting different burn frequencies by proportions of the unit affected, the resulting values of 
weighted burn frequency more accurately reflected the burn regime across the entire sampling 
unit. The addition of weights to frequencies also allowed for the sampling units that were burned 
in full to be compared to sampling units that were burned in sections.    
 
Chemical and Mechanical Maintenance: 
Chemical and mechanical maintenance can be broken down into several categories.  
Chemical maintenance included boom spraying (tractor), hand spraying (backpack or hand held 
sprayers), stump treatment (localized chemical treatment), and wicking (primarily wetland 
invasive species). Mechanical maintenance was broken up even further. The two main categories 
included forb/herbaceous species and woody species (brush: shrub/tree). Under forb mechanical 
maintenance, restoration activity was broken down into mowing, hand pulling, and hand cutting. 
Brush maintenance included hand cutting, saw treatment, and ASV/tractor mowing. To simplify 
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the analysis of these maintenance activities, the sub-activities of each category (chemical, forb, 
and brush maintenance) were not analyzed separately. Instead, the sum of hours worked for all 
sub-activities under any of the given three categories was used to determine the frequency of 
each type of maintenance from January 2009 to June 2014. Chemical hour, mechanical forb hour 
and mechanical brush hour were each calculated as a weighted average of number of hours 
worked in the maintenance activity, with each maintenance unit (with a specific number of hours 
worked) weighted by proportion of the sampling unit’s area covered by the maintenance unit. 
Unlike the burn management data, there was no GIS layer that denoted specific locations of 
maintenance activities. Therefore, the mechanical and chemical maintenance data are more 
arbitrary and it is unknown what exact proportion of each sampling unit had work done. 
However, previous studies on grassland birds expressed the importance of landscape factors 
beyond their nesting territories. Therefore, it is still important to take note of the maintenance 
that is occurring in the surrounding grassland habitat. Also, some of the uncertainty in 
management was somewhat mitigated by the applied weights to each individual maintenance 
unit, as well as by the placement of bird survey points within each grassland. In smaller 
grasslands, there were usually one to two points and the sampling units encompassed a large 
proportion of that area. In larger grasslands, there were usually several sampling units and many 
of the adjacent grassland management units within the larger grassland, were managed in a 
similar fashion.  
 
Size of Grassland Unit, Fragmentation, and Edge Effect: 
Originally, the division of management units was considered an appropriate method for 
determining the size of the grassland area containing a particular sampling unit. However, due to 
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the way in which the management units were divided, as described in the literature review, solely 
using those divisions may not accurately reflect grassland bird and plant species distribution. For 
example, although some bird species will use a change in habitat, such as a tree line or man-
made structures like trails, as a marker for territory edges, not all management units follow these 
landmarks as edges for divisions. Previous studies conducted in highly fragmented grasslands in 
largely agricultural environments have found that many grassland bird species respond to 
landscape factors within distances from 200 to 1600 m (Cunningham and Johnson, 2006). 
Although it would have been preferable to calculate total grassland area, proportion of other 
habitats or land uses adjacent to grassland habitat, and percent fragmentation of grassland habitat 
within several distance increments from 200 m to 1600 m from bird survey points, it was 
discovered that the grasslands were too small to extend buffer areas beyond 400 m. With buffer 
areas extending beyond 400 m, the proportion of other habitat or land use types was close to or 
greater than that of the grassland habitat. As a result, habitat and percent fragmentation variables 
were calculated within buffer areas extending 200 m and 400 m out from bird survey points.  
Using GIS, 200 m and 400 m buffers were created around each bird survey point. 
Grassland size: 200 m and grassland size: 400 m were calculated as sums of all grassland habitat 
area within 200 m and 400 m buffers, respectively. % Fragmentation: 200 m and % 
Fragmentation: 400 m were calculated as the sum of fragmented grassland sections divided by 
total grassland area within the buffer zone. A section of grassland habitat was considered 
fragmented if it was separated from the main grassland (i.e., the grassland section that contained 
the bird survey point) by a change in habitat type or land usage; or the presence of a large tree 
line, limestone trail, or road (not including mowed trails). In addition, it was noted what other 
land use and/or habitat type surrounded these grasslands at both scales. 
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Using GIS, a perimeter measurement was taken to calculate the proportion of 
neighboring habitat or land use type around each grassland unit (main grassland unit and 
fragmented grassland units) within the 200 and 400 m buffer areas. This measurement only 
included other land/habitat types that came in direct contact with the edge of the grassland units. 
The neighboring habitat or land use types included forest, wetland, shrubland, developed areas 
(including both maintained areas by the forest preserve district and developed/non-forest 
preserve property), and agriculture fields. Within each buffer zone, the perimeter measurements 
for each land/habitat type were summed together (if they were separated by other land/habitat 
types) and then divided by the total perimeter of the grassland unit. For example, if there was 
only one grassland unit within a 200 m buffer area and that unit shared an edge with a woodland 
habitat on one side and a developed area on the other, the percent neighboring woodland habitat 
would be the length of edge the woodland shared with the grassland unit divided by the total 
amount of edge the grassland shared with both land cover types: woodland and developed. This 
resulted in a proportion measurement of neighboring habitat/land cover types that is comparable 
across sampling units.  
 
Grassland Age and Seeding/Planting Hour: 
Grassland age and the hours of seeding or planting were two other important factors to 
consider when analyzing species presence. The age of the grassland came from two sources: the 
seed install log or the work log. The seed log contains records of seeding since the mid-1990s. 
Again, the data are fairly arbitrary and uncertain because although the record may state that a 
certain management unit was seeded, it does not necessarily mean that the whole unit was seeded 
at that time. However, there were notes that provided added information for location. If there was 
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no record of a unit being seeded, the alternative was consulting the work log for the first record 
of maintenance. The downfall of using this method was that the work log only went back to 
2009. Unfortunately, the majority of management units did not have a seeding record. However, 
many of these selected preserves were part of the original vegetation structure study which 
included sites that were all about the same age, 5 years, which is in line with the work log time 
frame.  
The age of restoration, regardless of how it was determined, also had to be weighted, 
because the number of years corresponds to a specific management unit and many sampling units 
had overlaps between management units. Weighted age for a unit was calculated as a weighted 
average of age of the restoration, with each portion of a unit of a specific age weighted by 
proportion of the unit’s area in the 75 m radius (determined from a GIS layer).  
Hours of seeding or planting were determined from the work log. Again, given the 
limitations of the work log, the data are somewhat arbitrary. The sum of the number of work 
hours pertaining to seeding and planting was also weighted as before using the proportion of 
overlap of management units within the 75 m sampling unit. Seeding included both grass and 
forb species, whereas planting included both plug planting (either grass or forb) and tree 
planting.  
Sampling data: 
Vegetation structure, bird species abundance, plant species percent cover, and soil 
moisture were measured within each of the 75 m sampling units during the months of June and 
July of 2014. Bird species abundance was only recorded once in each sampling unit, at the 
designated bird survey point. Vegetation structure, plant species percent cover, and soil moisture 
were measured within at least four subsamples in each unit. If the unit comprised only one 
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management unit or burn history, then four subsamples were taken, with one in each of the four 
cardinal directions from the bird survey point. The subsample’s distance from the bird survey 
point was assigned randomly using a random numbers program. All three measurements (soil 
moisture, vegetation structure, and plant species percent cover) were taken at the same location, 
during each subsample. If the bird survey unit comprised more than one management unit or 
burn history, more than four subsamples were taken to ensure that more than one subsample 
could represent each proportion more accurately. Therefore, the total number of subsamples 
taken within each experimental unit was determined on a unit to unit basis.   
Plant Community: 
Vegetation Structure: 
Vegetation structure was determined using the Robel pole technique (Benkobi et.al., 
2000) which measured the height of horizontal visual obstruction (cm) at a distance of 4 m.  
At each subsample in each unit, four Robel pole readings were taken. A mean of all Robel pole 
readings (visual obstruction readings [VORs] in cm; at least 16 readings were taken per unit) was 
calculated for each unit. The four (or more) vegetation structure measurements (includes the four 
VORs for the four cardinal directions around the pole) within the sampling unit were averaged 
together (total of at least 16 subsamples per sampling unit) and then multiplied by 2.54 to 
convert the value to centimeters for each point (Benkobi et.al., 2000).  
 
Plant Community Composition: 
A 1m x 1m PVC square was placed at the center of each subsample in each unit. The 
plant species observed along with their respective percent cover within the square were recorded. 
Total plant cover can exceed 100% in a given sample plot, which indicates more than one layer 
36 
 
of plant coverage. In addition, a plot can have less than 100% cover, indicating sparse vegetation 
coverage. Therefore, to make sample plots comparable, relative percent coverage was calculated 
to determine abundance of species. From the four or more subsamples recorded a cumulative 
percent cover for each species within the sampling unit was calculated. A relative percent cover 
for each species was calculated from the cumulative percent cover for each species divided by 
the total cumulative percent coverage from all species across the unit. The relative percent cover 
for each species was used as a response variable in this study. 
 
Grassland Bird Community: 
Bird Community Composition: 
Following the BCN point survey protocol, experienced volunteer bird surveyors recorded 
the number of bird species seen or heard at each of the bird survey points. If there was more than 
one observation date, the highest number of individuals was taken for the final count. Due to the 
nature of the observations (repeat counts) and the differences in observation day conditions 
(weather, time) the daily observations were not directly comparable and therefore the average 
was not used. The relative abundance for each species was calculated from the number of 
individuals observed across each unit divided by the total number of birds observed. The relative 
abundance was used as one of the response variables.   
 
Grassland Characteristics: 
Soil Moisture: 
Soil moisture was measured at each subsample per unit using an Aquaterr T-300 soil 
measurement probe (Aquaterr Instruments & Automation, Costa Mesa, CA). The soil moisture 
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meter was a capacitance probe which measured the dielectric constant (ability to store electric 
energy) of the soil-air-water interface. This system was designed to reduce the impacts of the 
presence of salts and differences in pH on soil moisture readings. The soil measurement was 
given as a percent saturation. The moisture was always read at the same depth at each sampling 
location, about 7.5cm. A mean of all soil moisture measurements was calculated for each unit. 
 
Analysis: 
 The multivariate analysis used was Canonical Correspondence Analysis (CCA). Each of 
the variables described above were separated into two groups: response and explanatory. 
 
Response Variables:  
• Plant Species Abundance (relative percent cover) 
• Bird Species Abundance (relative abundance) 
Explanatory Variables: 
• Chemical Maintenance (hours) 
• Mechanical Forb Maintenance (hours) 
• Mechanical Brush Maintenance (hours) 
• Seed/Plant (hours) 
• Weighted Burn Frequency 
• Proportion Forest, shrub, wetland 200 m  
• Proportion Forest, shrub, wetland 400 m  
• Proportion Developed 200 m  
• Proportion Developed 400 m  
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• Proportion Agriculture field 200 m  
• Proportion Agriculture field 400 m  
• Grassland size 200 m (ha) 
• Grassland size 400 m (ha) 
• % Fragmentation 200 m 
• % Fragmentation 400 m 
• Weighted Age for Unit (years) 
• Vegetation Structure (cm) 
• Average soil moisture for each point (percent) 
 
The data was condensed into a single spread sheet with each variable, both response and 
explanatory, relating to each of the 45 sample units. RStudio, an open source integrated 
development environment (IDE) for R was used to perform the analysis and produce the CCA 
tri-plot. The analysis was run using the “vegan” community ecology package, which is designed 
to preform ordination methods and diversity analyses. The code and commands used are outlined 
more fully in Appendix B. The data was run several times through CCA. The initial data sets 
included 182 plant species, 56 bird species, and 46 environmental and management factors. Due 
to the complexity of the results, all three data sets were condensed and only the results of the 
final analysis are fully described in the following sections.  
The 46 environmental and management variables were reduced down, with additional 
reductions in between, to only the 18 described above, where many related variables were either 
removed or combined. Additionally, rare species were removed from both the plant and bird 
species datasets. Rare species in CCA have a tendency to influence the results of the analysis, 
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which was, in fact, observed when analyses were compared to each other. There were 26 plant 
species removed, where their removal was based on the decision that any species with the 
cumulative relative percent cover across all 45 sites, of less than or equal to 0.0099 was 
removed. Similarly, there were 14 bird species removed from the dataset, where their removal 
was due to having a cumulative relative abundance of less than 0.05. The basis for these 
particular cut off marks was solely based on the makeup of the data.   
 A summary of the analyses was obtained which included the mean squared contingency 
coefficients, eigenvalues, species scores, site scores, and biplot scores. The vegan package 
included scaling aspect, where the species were scaled proportional to the eigenvalues but the 
sites remained unscaled where the weighed dispersion of sites was equal on all dimensions. The 
results of the canonical correspondence analysis were tested for significance using a Monte Carlo 
global permutation test. This test considered all the constraints simultaneously, producing a p-
value. A second series of Monte Carlo tests was run next, which sequentially tested each axis 
while partitioning out the variance which each previous axis explains. For example, the first axis 
was tested. This axis has the maximum amount of power against the alternative hypothesis, 
which states that there is a single dominating gradient that determines the relationship between 
the species and the environment. The variance explained by the first axis was removed from the 
total constrained variance explained by the CCA and the second axis was tested on that residual 
variance. Each remaining axis is tested on the remaining variance after each preceding axis’ 
variation is partitioned out (McGarigal, et al., 2000).  
A series of bi-plots was created from the results of the data. The bi-plots created included 
species and environmental/management factor oriented with respect to two axes. Only the 
strongest correlated factors were shown on the biplots for simplification and ease of 
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interpretation. The second set of biplots produced looked at the arrangement of site scores, using 
the weighted average (WA) values instead of the linear combination (LC) values, against each 
axis and selected environmental/management factors. The WA site scores are a measure of how 
well the variation in community structure can be explained by a given set of environmental 
variables (McGarigal, et al., 2000). Additionally, this score type shows where the site is actually 
located in the matrix, whereas the LC score show the predicted or expected placement of the site 
against any given environmental gradient (McGarigal, et al., 2000). The methods for interpreting 
the results of the summary of the CCA are explained in the following sections.     
 
Results: 
Analysis of Relative Percent Cover of Plant Species 
 A series of canonical correspondence analyses was run with different variations of the 
plant species data. The first CCA was run with all the data. It compared all the plant species 
recorded in the 45 sample units against the 46 different environmental characteristics and 
management activities. Each successive CCA run differed in the amount of data included in the 
analysis. The resulting break down of the amount of variation in the plant species matrix 
captured by each CCA is shown in Table 1.  
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Table 1. Resulting mean squared contingency coefficient (inertia) of the series of plant species 
matrixes and its partitioned variance as either constrained or unconstrained coefficients. Four 
series of CCA were run with varying numbers of environmental/management (E/M) factors and 
plant species included.  
 
 
 The mean contingency coefficient is similar to the total variance in a Redundancy 
Analysis (RDA). The total value refers to the mean square contingency coefficient. This value 
comes from a series of steps. Chi-square is performed on each response variable. Each 
environmental or mechanical activity factor is predicted to have a particular response value for 
each plant species’ average relative percent cover. This results in each explanatory factor having 
two corresponding response values: one is the observed value and the other is the predicted 
value. Then a regression is taken which gives a weighted value to each response value. The next 
step included calculating a Euclidean distance of the fitted values (Montana State University, 
n.d). The total variance that the mean contingency coefficient represents is the Chi-square 
difference between the actual observed response values and the predicted response variables. 
This is the total variability in the matrix before the weighed regression is applied. The 
constrained value, on the other hand, is the amount of variability in the plant species matrix 
explained by the weighted regression. In other words, it is the amount of variability that can be 
 Analysis 1 Analysis 2 Analysis 3 
Final/Main 
Analysis 
Variance Type Inertia Prop Inertia Prop Inertia Prop Inertia Prop 
Total 7.533 1.000 7.533 1.000 7.457 1.000 7.457 1.000 
Constrained 7.533 1.000 4.103 0.545 4.060 0.545 3.360 0.451 
Unconstrained 0.000 0.000 3.429 0.455 3.397 0.455 4.098 0.549 
E/M factors 46 22 22 18 
Plant Species 
Included 
182 182 156 156 
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explained by the series of axes produced by the CCA. The unconstrained value simply is the 
remaining variance that was not explained by the constraints specified in the CCA.  
 The comparison of the result from the series of CCAs highlight several important 
limitations of this type of analysis. The first limitation is number of constraining environmental 
variables included in the analysis. The first CCA suggested that 100% of the total variance in the 
plant species matrix could be explained by the axes in the CCA. This was due to the fact that the 
number of axes included in the CCA is one less than the number of sampling units included. The 
number of environmental variables for the first run was one larger than the number of sampling 
units which resulted in an arch effect, which is a distortion of the ordination. This results in the 
second axis becoming an arched function of the first function. This effect occurs in many 
ordination analyses (Palmer, n.d). This was corrected for by reducing the number of constraining 
variables to 18, by the final analysis. The second limitation of the canonical correspondence 
analysis is the presence of rare species. This is possibly due to the chi-square step where the 
difference between the observed species distribution and the expected is much greater for rare 
species than common species. This could result in a skewed distribution. The final analysis was 
run with 18 environmental variables and only the common species in each data set. The 
reduction in the size of the included variables also allow for easier interpretation of the results.  
Also in the CCA results, separation in niches of observed species is shown as an 
eigenvalue. The eigenvalue relates to the amount of variation in the community composition that 
pertains to an axis. The eigenvalues should all add up to equal the constrained value of the total 
mean contingency coefficient. The first eigenvalue for each of the four CCAs is shown in Table 
2.  
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Table 2. The eigenvalues for the first CCA axis and their contribution to the mean square 
contingency coefficient (proportion and cumulative) of the plant species matrix. The cumulative 
proportion of the variation that the first five constrained axes contribute to the total mean 
contingency coefficient or total matrix variation is also shown for the four analyses.  
 
 Analysis 1 Analysis 2 Analysis 3 
Final/Main 
Analysis 
Eigenvalue of 1st CCA 
axis 
0.6017 0.5025 0.5012 0.4475 
Proportion Explained 0.0799 0.0667 0.0672 0.0600 
Cumulative Proportion 
for first 5 CCA axes 
0.3042 0.2446 0.2457 0.2259 
Number of CCA axes 44 22 22 18 
Number of CA axes 0 22 22 26 
E/M factors 46 22 22 18 
Plant Species Included 182 182 156 156 
 
The first axis explains the largest proportion of variation within the matrix after the 
weighted regression is applied and thus contributes the most to the constrained coefficient. The 
subsequent axes contribute less to the constrained coefficient. As the number of included 
environmental/management (E/M) factors and plant species decreases, so does the proportion of 
variation that the first axis explains. Additionally, the cumulative proportion of the total variation 
that the first 5 CCA axes represent also decreases by the final analysis. Again, this is expected 
given the decrease in the number of plant species included in the matrix and the reduced number 
of constraints applied to those species. As the number of constraints is decreased and the 
variation between the remaining plant species is altered, the relationship between the 
environmental/management factors and the plant species that the first axis represents, changes as 
well. The eigenvalues for the final analysis are shown in greater detail in Table 3.  
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Table 3. The eigenvalues for each CCA axis (dark grey) and CA axis (light grey) and their 
contribution to the mean square contingency coefficient (proportion and cumulative) of the 
reduced plant species matrix. 
 
 CCA1 CCA2 CCA3 CCA4 CCA5 CCA6 CCA7 CCA8 
Eigenvalue 0.44749 0.3609 0.34309 0.29291 0.2402 0.20917 0.20241 0.18059 
Proportion Explained 0.06001 0.0484 0.04601 0.03928 0.0322 0.02805 0.02714 0.02422 
Cumulative Proportion 0.06001 0.1084 0.15441 0.19369 0.2259 0.25395 0.28109 0.30531 
 CCA9 CCA10 CCA11 CCA12 CCA13 CCA14 CCA15 CCA16 
Eigenvalue 0.15832 0.1488 0.14426 0.12269 0.1193 0.1065 0.09905 0.08638 
Proportion Explained 0.02123 0.01995 0.01934 0.01645 0.016 0.01428 0.01328 0.01158 
Cumulative Proportion 0.32654 0.34649 0.36583 0.38229 0.3983 0.41257 0.42585 0.43743 
 CCA17 CCA18 CA1 CA2 CA3 CA4 CA5 CA6 
Eigenvalue 0.07038 0.02718 0.42983 0.3457 0.2944 0.25446 0.24021 0.20962 
Proportion Explained 0.00944 0.00364 0.05764 0.04636 0.03948 0.03412 0.03221 0.02811 
Cumulative Proportion 0.44687 0.45051 0.50815 0.55451 0.59399 0.62811 0.66032 0.68843 
 CA7 CA8 CA9 CA10 CA11 CA12 CA13 CA14 
Eigenvalue 0.20814 0.18969 0.1753 0.17114 0.16267 0.14437 0.13735 0.13502 
Proportion Explained 0.02791 0.02544 0.0235 0.02295 0.02181 0.01936 0.01842 0.01811 
Cumulative Proportion 0.71634 0.74178 0.7653 0.78823 0.81004 0.8294 0.84782 0.86593 
 CA15 CA16 CA17 CA18 CA19 CA20 CA21 CA22 
Eigenvalue 0.12693 0.1167 0.11433 0.1028 0.10147 0.08712 0.08157 0.07257 
Proportion Explained 0.01702 0.01565 0.01533 0.01379 0.01361 0.01168 0.01094 0.00973 
Cumulative Proportion 0.88295 0.8986 0.91393 0.92771 0.94132 0.953 0.96394 0.97367 
 CA23 CA24 CA25 CA26     
Eigenvalue 0.06884 0.05621 0.03677 0.03449     
Proportion Explained 0.00923 0.00754 0.00493 0.00463     
Cumulative Proportion 0.98291 0.99044 0.99537 1     
 
From the environmental and management factor constraints added to the ordination, the 
final analysis identified 18 axes that explained different ways in which the data was arranged. 
The number of constrained axes is equal to the number of explanatory variables observed 
(Palmer, n.d.). All of these axes are independent of one another. The first axis (CCA1) 
contributes the greatest to the constrained coefficient: 6.0%. The second axis contributes only 
4.8%. In total, the first five axes represent 22.59% of the total variation in the data. Given the 
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low percent explainable variation of each axis and the closeness of the percent values between 
the explained axes, this suggests that there is no dominant environmental/management gradient 
that contributes the most to the distribution of plant species in the nine Kane County Forest 
Preserves observed.  
 The other 26 axes represent unconstrained variation in the matrix. The correspondence 
analysis axes are still important to note because they highlight possible significant relationships 
and environmental gradients that were not included in the analysis. In some cases, the CA axes 
may explain a higher proportion of the total variance in the species matrix than the first CCA 
axis. In this case, it was found that the first unconstrained axis (CA1) explains a higher 
percentage of the variation in the matrix (5.76%) than the second CCA axis (4.84%). 
Additionally, several other unconstrained axes were found to explain high percentages of the 
variation relative to the constrained axes. The second and third analysis also found this to be true. 
This suggests that there are at least several possible environmental variables not included in this 
study which may have a strong influence upon the distribution of grassland plant species in the 
Kane County Forest Preserves. Some of these factors may include topography, soil type, nutrient 
availability, light exposure, herbivore browsing, means of seed dispersal, etc.  
However, to ensure that the patterns calculated from the plant species matrix truly exist 
and are not a result of random variation in the data set, a significance test was run: the Monte 
Carlo global permutation test. The results are shown in Table 4. The first test looked at all the 
constraints simultaneously. 
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Table 4. Monte Carlo global permutation test of the reduced plant species matrix with 18 
environmental/management factor constraints. Test of each axis simultaneously. (*) means test is 
statistically significant in that the p-value is less than 0.05. 
 
 
 
Then Monte Carlo permutation tests were conducted separately for each axis (Table 5). 
 
Table 5. Monte Carlo global permutation test of the reduced plant species matrix with 18 
environmental/management factor constraints. Sequential test of each axis separately. Significant 
codes: (***)=p value < 0.001, (**)=p< 0.01, (*)=p< 0.05, (.)=p<0.1, ( )=p<1. 
 
 Df ChiSquare F Pr(>F) Significance Code 
CCA1 1 0.4475 2.8393 0.001 *** 
CCA2 1 0.3609 2.2901 0.001 *** 
CCA3 1 0.3431 2.1769 0.002 ** 
CCA4 1 0.2929 1.8586 0.009 ** 
CCA5 1 0.2402 1.5238 0.027 * 
CCA6 1 0.2092 1.3272 0.134  
CCA7 1 0.2024 1.2843 0.146  
CCA8 1 0.1806 1.1459 0.281  
CCA9 1 0.1583 1.0046 0.477  
CCA10 1 0.1488 0.9441 0.588  
CCA11 1 0.1443 0.9153 0.629  
CCA12 1 0.1227 0.7785 0.811  
CCA13 1 0.1193 0.757 0.834  
CCA14 1 0.1065 0.6757 0.919  
CCA15 1 0.099 0.6285 0.954  
CCA16 1 0.0864 0.5481 0.984  
CCA17 1 0.0704 0.4466 1  
CCA18 1 0.0272 0.1724 1  
Residual 26 4.0977    
 
 Although the Monte Carlo tests indicate which axes represent significant relationships 
between the species and their environment, they do not indicate what that relationship is. That 
evaluation comes from assessing the bi-plot created from the species scores (Appendix E) and 
site scores (Appendix F) as shown in Figure 1. Part of that assessment comes from analyzing the 
 Df ChiSquare F Pr(>F) 
Model 18 3.3596 1.1843 0.011* 
Residual 26 4.0977   
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relationship between the vectors (environmental/management factors) with the species and site 
locations in the ordination as well as how the vectors are correlated with the different CCA axes. 
The correlation value for each vector against each axis is shown in Table 6. The scores came 
from multiplying the matrix of eigenvalues with the response variables, both the observed 
species distribution and the predicted distribution of species. The biplot scores are intra-set 
correlations. They represent the correlations between sample scores and the environmental 
variables. In other words, they are an assessment of the rate of change in community 
composition in relation to the change in the environmental variable (University of 
Massachusetts, n.d.). The intra-set correlation values for each environmental/management 
variable are shown in Table 6. 
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Table 6. Biplot Scores for the 18 constraining environmental/management variables in the 
reduced plant species matrix 
 
Environmental/Management Factor Abbreviated CCA1 CCA2 CCA3 CCA4 CCA5 
Chemical Maintenance (hours) Chem -0.307 0.150 0.004 0.006 -0.349 
Mechanical Forb Maintenance (hours) Mforb -0.603 0.562 -0.145 0.007 0.295 
Mechanical Brush Maintenance (hours) MBrush 0.016 -0.313 0.415 0.024 -0.195 
Seed/Plant (hours) SeedPlant -0.162 0.016 0.011 0.011 -0.298 
Weighted Burn Frequency Burn -0.160 0.087 -0.392 0.042 -0.244 
Proportion Forest, shrub, wetland 200 m  FSW200 0.217 0.078 0.243 0.110 0.027 
Proportion Developed 200 m  Dev200 0.241 -0.147 -0.322 -0.033 0.180 
Proportion Agriculture field 200 m  Ag200 -0.062 0.023 0.000 -0.514 0.006 
Proportion Forest, shrub, wetland 400 m  FSW400 0.576 0.105 0.222 0.421 0.054 
Proportion Developed 400 m  Dev400 0.174 0.095 0.076 0.049 -0.207 
Proportion Agriculture field 400 m  Ag400 0.037 -0.247 -0.296 -0.518 0.301 
Grassland size 200 m (ha) Size200 -0.368 -0.049 0.151 0.240 0.212 
% Fragmentation 200 m  Frag200 -0.052 0.281 -0.030 -0.195 -0.021 
Grassland size 400 m (ha) Size400 -0.058 -0.059 0.238 0.049 0.073 
% Fragmentation 400 m Frag400 -0.039 0.204 -0.017 -0.022 -0.371 
Weighted Age for Unit (years) Age -0.149 -0.147 0.250 0.137 -0.530 
Vegetation Structure (cm) VegStruc 0.280 0.689 -0.254 0.105 0.154 
Average soil moisture for each point 
(percent) SoilMoist -0.138 -0.210 -0.240 -0.170 0.012 
 
A strong correlation (either positive or negative) with an axis is categorized as a value 
that is between 0.5 and 1. The environmental/ management factor with the highest positive or 
negative correlation value can be interpreted as the factor that has the highest effect upon the axis 
and therefore the distribution of the plant species and sites in the nine preserves. Some axes can 
be interpreted as having two or more factors that have the greatest influence upon species and 
site distribution and in most cases those factors are likely to be correlated to each other in some 
way.  
The first axis was found to be strongly negatively correlated to hours of forb mechanical 
maintenance and strongly positively correlated to the proportion of neighboring forest, wetland, 
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and shrubland habitat. The second axis was found to be strongly positively correlated to both 
vegetation structure and the number of hours of mechanical maintenance of forbs. The third axis 
was found to be strongly correlated with the frequency of brush maintenance and weighted burn 
frequency, whereas the fourth was associated with the proportion of neighboring agricultural 
fields at both scales. The fifth axis, which was also found to be statistically significant in the 
relationship it described, was found to be associated with grassland age. How these 
environmental/management factors relate to the variation between plant species and site 
locations can be determined by examining the various biplots created.  
The first bi-plot (Figure 1) shows the ordination in terms of the first and second axes 
(CCA1 and CCA2), comparing the niche separation of plant species against the arrangement of 
environmental/management factors.  
 
Fig. 1. Canonical Correspondence Analysis bi-plot of the plant species matrix after rare species 
were removed and the number of environmental/management factors were reduced to 18. Plant 
species (blue labeled dots) are shown with respect to environmental and management factors (red 
vectors). Vector codes are in Table 6, and plant species codes are in Appendix E. 
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The biplot only shows the top five environmental/management factors that have the 
largest influence upon both axes CCA1 and CCA2. The first CCA axis was strongly influenced 
by mechanical maintenance of forbs, followed by forest, shrub, and wetland 400m (neighboring 
land cover), and finally grassland size 200m. The second axis was influenced by vegetation 
structure, mechanical maintenance of forbs, and lastly, mechanical maintenance of brush.  
The biplot also only shows the species with higher species scores: greater than 0.9 or less 
than -0.9. Species with lower scores tend to be concentrated around the origin of the plot and are 
associated with more average values along the defined environmental gradients. The 
arrangement of the extreme species seem to be divided into three main groups around the 5 
environmental/management factors. The first main group is associated with higher forb 
maintenance frequency and larger grassland sizes at 200m. Species associated with this group 
include many weed-like species such as Lactuca serriola (wild lettuce), many thistle species 
including Cirsium arvense (canada thistle), Medicago sativa (black medic), Taraxacum officinale 
(common dandelion), and Ambrosia artemisiifolia (common ragweed). However, some native 
species are included in this group as well, including Physostegia virginiana (obedient plant), 
Bouteloua curtipendula (side oats grama), and Schizachyrium scoparium (little bluestem). Some 
of the non-extreme native species also included in this group are Solidago juncea (early 
goldenrod), Monarda fistulosa (wild bergamot), and Silphium integrifolium (rosinweed).  
The second major group is associated with higher vegetation structure and a larger 
proportion of neighboring forest, shrubland, and wetland at 400m. Species associated with this 
group include those more commonly found in these habitat types including Alliaria petiolata 
(garlic mustard), Parthenocissus quinquefolia (Virginia creeper), Potentilla simplex (five 
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fingered cinquefoil), Vitus sp. (grape), Rubus occidentalis (black raspberry), and Phalaris 
arundinacea (reed canary grass). Although many of the common native grassland species were 
not found to have high species scores, their scores are still useful in interpretation. Species 
including Solidago riddelli (Riddel’s goldenrod), Solidago missouriensis (Missouri goldenrod), 
Eryngium yuccifolium (rattlesnake master), Gentiana flavida (cream gentian), Parthenium 
integrifolium (wild quinine), and Amorpha canescens (lead plant) all had negative species scores 
for both axes 1 and 2. Based on the orientation of the environmental vectors, these species fit 
best with sites that have average to high levels of brush maintenance (which is the source of the 
third major species grouping), as well as average to large grasslands at the 200m scale. In terms 
of mechanical maintenance of forbs and proportion of neighboring forest, wetland, and 
shrubland, the location of these species in the matrix suggests that they are associated with sites 
that have average values for both of these factors. However, because they are oriented in the 
opposite quadrant relative to the direction of the vegetation structure vector, these species are 
more likely associated with sites with lower vegetation structure.  
The second biplot shows the relationship between the sites and the 
environmental/management factors. The sites follow a similar trend as the plant species 
orientation as shown in Figure 2.  
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Fig. 2. Canonical Correspondence Analysis bi-plot of the plant species matrix after rare species 
were removed and the number of environmental/management factors were reduced to 18. 
Showing site variation (labeled blue dots) in respect to environmental and management factors 
(red vectors). Vector codes are given in table 6. Site scores codes are given in Appendix F. 
 
Sampling sites correlated predominately with the frequency of mechanical maintenance 
of forbs included all eight sampling units in Muirhead Springs. All eight sampling sites had the 
same number of hours of maintenance done, which helps to explain this grouping. Two of the 
Dick Young sites were also included within this grouping. These sites were associated with 
higher numbers of hours of mechanical maintenance of forbs as well as larger grassland units at 
the 200m scale. Another group of sites are associated with higher brush maintenance, larger 
grassland units and lower vegetation structure. These sites include the remaining Dick Young 
sites, most of the Prairie Kame units, and those in LeRoy Oaks and Hannaford. These sites are 
also associated with many of the native species listed earlier. The third grouping of sites is 
associated with lower number of mechanical forb maintenance hours, more hours of brush 
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maintenance, and units with larger proportions of neighboring forests, wetlands, and shrublands. 
These sites include a mix of units from Prairie Kame, LeRoy Oaks, Big Rock, Dick Young, and 
Hannaford. The fourth group only consists of sites from Campton and Burnidge. These sites are 
highly associated with higher vegetation structures and larger proportions of neighboring forest, 
wetland, and shrubland habitat.  
Vegetation Structure, proportion of neighboring developed land at 400m, and the 
proportion of other neighboring habitats were also found to be positively correlated to the axis 
and the distribution of species and sites. Some of the closely correlated sites included Campton 
and Burnidge which were dominated by Setaria faberi (giant foxtail), Asclepias syriaca 
(common milkweed), Cirsium discolor (pasture thistle), Silphium terebinthinaceum (prairie 
dock), Aster laevis (smooth blue aster), and Liatris spicata (prairie blazing star). 
The third and fourth axes were also examined given their low p-values shown in Table 5. 
CCA3 can be seen to correlate positively with mechanical brush maintenance and the proportion 
of neighboring developed land, but negatively correlated with weighted burn frequency. 
Weighted burn frequency and the proportion of neighboring developed land were highly 
correlated vectors, given the small angle between the two vectors. Axis four, CCA4, can be seen 
to have a negative correlation to both the factors representing the proportion of neighboring 
agriculture fields at both scales: 200m and 400m, but is positively correlated to the proportion of 
neighboring forest, shrubland, and wetland at 400m as shown in Figure 3.  
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Fig. 3. Canonical Correspondence Analysis bi-plot of the plant species matrix after rare species 
were removed and the number of environmental/management factors were reduced to 18. 
Showing plant species arrangement (blue labeled dots) in respect to environmental and 
management factors (red vectors). Vector codes are given in Table 6. Plant species codes are 
given in Appendix E. 
 
Most of the species are close in distribution, resulting in less spread in the ordination, 
where most of the species are clustered at the origin (not shown) as a result of having more 
average values for both axes.  
In general for axis CCA3, because brush maintenance and weighted burn frequency were 
negatively correlated with each other, species that are found at sites with higher frequencies of 
one type of management are found at lower frequencies in sites with the other type of 
management. For example, species such as Toxicodendron radicans (poison ivy), Lotus 
corniculatus (birds foot trefoil), Solidago gigantea (late goldenrod), Apocynum cannabinum 
(dogbane), Medicago sativa (alfalfa), Silphium perfoliatium (cup plant), and Poa pratensis 
(Kentucky bluegrass) are found in sites with higher brush maintenance, but at lower burn 
55 
 
frequencies. Some of these species are lower growing species that can be associated with 
woodland and shrubland species, for higher brush maintenance can possibly indicate the 
presence of more brush species with larger population sizes within these units. Many of the 
previously listed plant species also produce fruit that birds or other small or large mammalian 
herbivores are particularly attracted to. Brush can provide perches or cover for these animal 
species where they can then consume and deposit the seeds of the plant species. On the other 
hand, high frequencies of brush maintenance can also be associated with higher levels of 
disturbance, such as removal of overlying shrub cover increasing light levels to understory 
plants. Most of the previously listed species are aggressive competitors and can form dense 
thickets, excluding other species.  
On the other hand, species that were more associated with higher burn frequencies and 
grassland units neighbored by a higher proportion of developed land included Trifolium repens 
(white clover), Solidago missouriensis (Missouri goldenrod), Aster laevis (smooth blue aster), 
Melilotus alba (white sweet clover), Carex vulpinoidea (fox sedge), Rudbeckia speciose-
sullivanti (Sullivant’s coneflower), Vitis sp. (grape), and Fragaria virginiana (strawberry). Most 
of these species are associated with disturbed areas and grow well in areas with exposed soil or 
gaps in the vegetation. Bouteloua curtipendula also does well in areas where the competition has 
been impaired like during periods of drought or in overgrazed areas. Development and fire 
activity are both potential sources of disturbances. Many of these species are also rhizomatous. 
Rhizomatous plant species are thought to be as well protected from fires as plant species with 
bulbs or corms due to the insulting effects of the soil (Zouhar et al., 2008). Additionally, fire has 
also been known to stimulate the growth of some species. Melilotus alba falls into that category, 
where its seed germination has been found to be stimulated by heat from fire (Gucker, 2009).   
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The fourth axis is associated with the proportion of neighboring agricultural fields at both 
scales. Some of the species that are associated with sites with higher proportions of neighboring 
agricultural fields include Echinacea purpurea (purple coneflower), Carex molesta (troublesome 
sedge), Helianthus grosseserratus (saw tooth sunflower), Oxalis sp. (wood sorrel), Plantago 
major (common plantain), and Convolvulus sp. (bind weed). Many of these species are also 
associated with disturbed areas and can be aggressive competitors. As compared to the previous 
group of listed species, those associated with higher burn frequencies and larger proportions of 
neighboring developed land, some of these species like Asclepias verticillata can act as pioneer 
species. A. verticillata prefers infertile soils and can spread aggressively in open soils (Illinois 
Wildflowers, n.d). Neighboring agricultural fields may provide the conditions favorable for the 
establishment of these species. Species associated with sites with higher proportions of 
neighboring agricultural fields at both scales are also associated with lower proportions of 
neighboring forests, wetlands, and shrublands. Another group of species was associated with 
higher proportions of other neighboring habitat types. These species included Silphium 
terebinthinaceum (prairie dock), Aster novae-angliae (New England aster), Solidago juncea 
(early goldenrod), Rubus occidentalis (black raspberry), and Prunus americana (American 
plum). Although R. occidentalis and P. americana are common woodland and shrubland species, 
S. terebinthinaceum, A. novae-angliae and S. juncea can also be found in a wide variety of 
habitat types and environmental conditions. For example, A. novea-angliae can be found in 
prairies, wet meadows, thickets, and along stream banks (Bruckerhoff et.al., 2003). 
The orientation of plant species between axes CCA3 and CCA4 can be compared to the 
orientation of the sites against the same environmental/management factors. The arrangement of 
the 45 sampling sites is shown in Figure 4.  
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Fig. 4. Canonical Correspondence Analysis bi-plot of the plant species matrix after rare species 
were removed and the number of environmental/management factors were reduced to 18. 
Showing site variation (labeled blue dots) in respect to environmental and management factors 
(red vectors). Vector codes are given in Table 6. Site scores codes are given in Appendix F. 
 
The orientation of the sites is similar to that of the plant species against axes CCA3 and 
CCA4. Most of the sites are associated with average to higher frequencies of burning and 
proportion of neighboring developed land as compared to those associated with higher number of 
hours of brush maintenance. Also most of the sites are associated with average to higher 
proportions of neighboring agricultural fields than neighboring forest, wetland, and shrubland 
cover. There is less spread in the orientation of the sites which was also seen in the species 
arrangement. However, there is far less distinct grouping. Most of the sites are grouped together 
on the left side of the plot. There are some sites that may be more closely associated with higher 
proportions of neighboring forests, shrubland, and wetlands including those in Campton and 
most of those in Dick Young. In contrast, there were also some sites that were more closely 
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associated with higher proportions of neighboring agriculture cover; these included most of 
Prairie Kame, some of LeRoy Oaks, and one of the sampling units from both Burnidge and 
Hannaford Woods. The most noticeable separation in grouping includes those sites associated 
with higher brush maintenance. These sites included all sampling units in Big Rock and Aurora 
West as well as some sampling units from Dick Young, Hannaford Woods, and LeRoy Oaks.  
 The final axis that was found to have a significant relationship between plant species and 
site orientation with the presence of an environmental/management gradient, was axis CCA5. 
This was plotted against axis CCA6 for reference. A different relationship between species 
orientation and environmental/management factor can be seen in Figure 5. Only species with a 
score of greater than or less than +/- 0.5 were shown.   
 
Fig. 5. Canonical Correspondence Analysis Bi-plot of the plant species matrix after rare species 
were removed and the number of environmental/management factors were reduced to 18. 
Showing plant species distribution (labeled blue dots) in respect to environmental and 
management factors (red vectors). Vector codes are given in Table 6. Plant species codes are 
given in Appendix E. 
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There were two major groupings of species that could be seen with a couple of outlying 
species. These groups are centered primarily around the top six environmental/management 
factors. Five of these factors were highly correlated with each other, given the small angles 
between each other. These factors included grassland age, hours of chemical maintenance, 
percent fragmentation at 400m, weighted burn frequency, and hours of brush maintenance. These 
factors were not closely correlated with the sixth factor included: hours of forb maintenance. Of 
these six factors included, axis CCA5 was found to correlate negatively with weighed age of the 
grassland unit. The other two environmental variables that were highly correlated to one another 
and closely associated with weighted age included chemical maintenance hour and the percent 
fragmentation at 400m; both of which were weakly negatively correlated with axis 5 (-0.349 and 
-0.371, respectively). Many of the plant species found associating with the older sites, however, 
are the typical grassland forbs commonly highlighted when discussing species of tallgrass 
prairies. These species include Echinacea pallida (pale purple coneflower), Pycanthemum 
virginianum (common mountain mint), Monarda fistulosa (wild bergamot), Parthenium 
integrifolium (wild quinine), Eryngium yuccifolium (rattlesnake master), Helianthus mollis 
(downy sunflower), Rudbeckia subtomentosa (black-eyed susan), Sporobolus heterolepsis 
(prairie dropseed), Silphium laciniatum (compass plant), Coreopsis tripteris (tall coreopsis), and 
Potentilla arguta (prairie cinquefoil). However, these species are also associated with sites with 
higher percent fragmentation at 400m as well as a greater number of chemical maintenance 
hours. In contrast, some of the species that are more associated with younger sites and less 
fragmented grassland units and lower chemical maintenance include Cirsium altissima (tall 
thistle), Solidago riddelli (Riddell’s goldenrod), Solidago gigantea (late goldenrod), Lactuca 
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virosa (wild lettuce), Baptisia alba (white wild indigo), Ambrosia artemisiifolia (common 
ragweed), Toxicodendron radicans (poison ivy), and Euphorbia corollata (flowering spurge).  
The site distribution along axes 5 and 6 show less defined groupings as shown in Figure 
6. Many of the sampling units from the same preserves are clustered together around the same 
area. 
Fig. 6. Canonical Correspondence Analysis bi-plot of the plant species matrix after rare species 
were removed and the number of environmental/management factors were reduced to 18. 
Showing site variation (labeled blue dots) in respect to environmental and management factors 
(red vectors). Showing two different relationships: CCA5 and CCA6 which correspond to an 
environmental characteristic or management practice. Vector codes are given in Table 6, (x) 
means those variables are explanatory variables in the ordination. Site scores codes are given in 
Appendix F. 
 
 A large portion of the sites are associated with lower grassland ages, chemical 
maintenance, and less fragmented grasslands. These sites included all of the sites from 
Hannaford Woods, Muirhead Springs, and Aurora West, but only some of the sites from Big 
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Rock, Burnidge, Campton, and Prairie Kame. Sites associated with average to higher grassland 
ages, chemical maintenance, and greater fragmentation included all sites from Dick Young and 
LeRoy Oaks, and the remaining sites from Prairie Kame, Burnidge, Big Rock, and Campton. 
 Across the five axes examined, there were twelve environmental/management factors that 
had the strongest influence upon species and site distribution. These factors included hours of 
mechanical forb and brush maintenance, proportion of neighboring forest, wetland, and 
shrubland at 400m, proportion of neighboring agricultural land at both scales, proportion of 
neighboring developed land at 200m, vegetation structure, grassland size at 200m, weighted burn 
maintenance, grassland age, percent fragmentation at 400m, and chemical maintenance. This 
included 4 management factors and 8 environmental factors. 
 
 
 
Analysis of Relative Abundance of Grassland Bird Species: 
 A separate canonical correspondence analysis was run to analyze the relationships 
between the bird species distribution and the environmental/management factors. All bird species 
were included in the first analysis with only 22 of the environmental constraints. In the second 
analysis, ten rare species were removed. The number of environmental/management factors 
stayed the same, however, for the second analysis. The third and final analysis only included the 
18 environmental/management factors that were a part of the final plant species analysis.  
Summary of the CCA results showed the total mean squared contingency coefficient and 
the proportion of the explained and unexplained variance (Table 7).  
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Table 7. Resulting mean squared contingency coefficient (inertia) of the series of bird species 
matrixes and its partitioned variance as either constrained or unconstrained coefficients. Three 
series of CCA were run with varying numbers of environmental/management (E/M) factors and 
bird species included.  
 
 
 
An overview of the first axis and the proportion of variance that the coefficients represent 
are shown in Table 8.  
 
Table 8. The eigenvalues for the first CCA axis and their contribution to the mean square 
contingency coefficient (proportion and cumulative) of the bird species matrix. The cumulative 
proportion of the variation that the first five constrained axes contribute to the total mean 
contingency coefficient or total matrix variation is also shown for the four analyses.  
 
 Analysis 1 Analysis 2 
Final/Main 
Analysis 
Eigenvalue of 1st CCA 
axis 
0.4098 0.33473 0.297 
Proportion Explained 0.09813 0.09414 0.084 
Cumulative Proportion 
for first 5 CCA axes 
0.34073 0.34667 0.313 
Number of CCA axes 22 22 18 
Number of CA axes 22 22 26 
E/M factors 22 22 18 
Bird Species Included 56 42 42 
 
Results of the final analysis are shown in Table 9.  
 Analysis 1 Analysis 2 
Final/Main 
Analysis 
Variance Type Inertia Prop Inertia Prop Inertia Prop 
Total 4.176 1.0000 3.5560 1.0000 3.556 1 
Constrained 2.627 0.6291 2.2150 0.6291 1.83 0.5147 
Unconstrained 1.549 0.3709 1.3410 0.3709 1.725 0.4853 
E/M factors 22 22 18 
Bird Species 
Included 
56 42 42 
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Table 9. The eigenvalues for each CCA axis and their contribution to the mean square 
contingency coefficient (proportion and cumulative) of the reduced bird species matrix. There 
were as many CCA axes as there were constraint variables. Light grey CCA axes represent the 
constrained variance. Dark grey titles represent the correspondence analysis (CA) unconstrained 
variance.  
 
 CCA1 CCA2 CCA3 CCA4 CCA5 CCA6 CCA7 CCA8 
Eigenvalue 0.297 0.262 0.203 0.189 0.162 0.146 0.108 0.093 
Proportion Explained 0.084 0.074 0.057 0.053 0.045 0.041 0.030 0.026 
Cumulative Proportion 0.084 0.157 0.214 0.267 0.313 0.354 0.384 0.411 
 CCA9 CCA10 CCA11 CCA12 CCA13 CCA14 CCA15 CCA16 
Eigenvalue 0.078 0.070 0.057 0.052 0.045 0.025 0.018 0.012 
Proportion Explained 0.022 0.020 0.016 0.015 0.013 0.007 0.005 0.003 
Cumulative Proportion 0.432 0.452 0.468 0.483 0.495 0.502 0.508 0.511 
 CCA17 CCA18 CA1 CA2 CA3 CA4 CA5 CA6 
Eigenvalue 0.009 0.005 0.229 0.193 0.166 0.146 0.133 0.111 
Proportion Explained 0.002 0.001 0.064 0.054 0.047 0.041 0.038 0.031 
Cumulative Proportion 0.513 0.515 0.579 0.633 0.680 0.721 0.758 0.790 
 CA7 CA8 CA9 CA10 CA11 CA12 CA13 CA14 
Eigenvalue 0.102 0.094 0.084 0.077 0.059 0.052 0.049 0.041 
Proportion Explained 0.029 0.027 0.024 0.022 0.017 0.015 0.014 0.012 
Cumulative Proportion 0.818 0.845 0.868 0.890 0.907 0.921 0.935 0.947 
 CA15 CA16 CA17 CA18 CA19 CA20 CA21 CA22 
Eigenvalue 0.039 0.034 0.027 0.022 0.016 0.014 0.013 0.008 
Proportion Explained 0.011 0.010 0.008 0.006 0.004 0.004 0.004 0.002 
Cumulative Proportion 0.958 0.967 0.975 0.981 0.986 0.990 0.993 0.996 
 CA23 CA24 CA25 CA26     
Eigenvalue 0.007 0.004 0.003 0.002     
Proportion Explained 0.002 0.001 0.001 0.000     
Cumulative Proportion 0.998 0.999 1.000 1.000     
 
There were 44 different axes that represented the variance in the reduced bird species 
matrix just like the plant species matrix, with 22 of those axes explained in the canonical 
correspondence analysis and 22 nonconstrained axes.  The correspondence analysis axes 
(nonconstrained, CA axes) represented variables or gradients that were not included in the 
analysis. However, the first nonconstrained axis still represented less variance in species niche 
separation than the first several constrained axes in all CCAs.  
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For the final CCA, results of Monte Carlo permutation tests on the entire analysis and on 
separate axes are shown in Tables 10 and 11, respectively. 
 
Table 10. Monte Carlo global permutation test of the reduced bird species matrix with 18 
environmental/management factor constraints. Test of each axis simultaneously. Significant 
codes: (***)=p value < 0.001, (**)=p< 0.01, (*)=p< 0.05, (.)=p<0.1, ( )=p<1. 
 
 Df ChiSquare F Pr(>F) Significance Code Model 18 1.8303 1.5322 0.001 *** 
Residual 26 1.7254     
Table 11. Monte Carlo global permutation test of the reduced bird species matrix with 18 
environmental/management factor constraints. Sequential test of each axis separately. 
Significant codes: (***)=p value < 0.001, (**)=p< 0.01, (*)=p< 0.05, (.)=p<0.1, ( )=p<1. 
 
 Df ChiSquare F Pr(>F) Significance Code 
CCA1 1 0.29749 4.4828 0.001 *** 
CCA2 1 0.26189 3.9463 0.001 *** 
CCA3 1 0.20265 3.0537 0.001 *** 
CCA4 1 0.18903 2.8485 0.001 *** 
CCA5 1 0.16174 2.4372 0.002 ** 
CCA6 1 0.14592 2.1989 0.003 ** 
CCA7 1 0.108 1.6275 0.038 * 
CCA8 1 0.09331 1.4061 0.134  
CCA9 1 0.07766 1.1703 0.27  
CCA10 1 0.07004 1.0554 0.409  
CCA11 1 0.05707 0.86 0.642  
CCA12 1 0.05183 0.781 0.75  
CCA13 1 0.04477 0.6747 0.868  
CCA14 1 0.02481 0.3738 0.997  
CCA15 1 0.01841 0.2775 1  
CCA16 1 0.01178 0.1775 1  
CCA17 1 0.00866 0.1305 1  
CCA18 1 0.00522 0.0787 1  
Residual 26 1.72541    
 
The interpretation of the constrained axes came from a number of sources: the site scores 
and species scores (Appendices G and H), the biplot scores for each environmental variables 
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(Table 12), and the bi-plots for each axis combination (Figure 7). The biplot scores for each 
environmental factor relative to each axis is shown in Table 12.  
 
Table 12. Biplot Scores for the 18 constraining environmental/management variables in the 
reduced bird species matrix. Only the first 6 constrained axes are shown.  
 
Environmental/Management Factor Abbreviated CCA1 CCA2 CCA3 CCA4 CCA5 CCA6 
Chemical Maintenance Hour Chem 0.089 0.241 -0.004 0.225 -0.225 -0.103 
Mechanical Forb Maintenance Hour Mforb -0.210 0.526 0.165 -0.217 -0.386 0.418 
Mechanical Brush Maintenance Hour MBrush -0.134 -0.027 -0.100 0.094 -0.064 -0.314 
Seed/Plant Hour SeedPlant -0.097 0.002 0.005 0.045 -0.027 -0.273 
Weighted Burn Frequency Burn 0.273 0.075 0.122 -0.027 -0.586 -0.208 
Forest, shrub, wetland 200 m 
(neighboring land cover) FSW200 0.445 -0.246 0.106 0.024 -0.161 -0.101 
Developed 200 m (neighboring land 
cover) Dev200 0.282 -0.309 0.011 -0.069 0.140 -0.135 
Agriculture field 200 m (neighboring 
land cover) Ag200 -0.166 -0.121 0.159 -0.212 0.352 0.089 
Forest, shrub, wetland 400 m 
(neighboring land cover) FSW400 0.462 -0.087 -0.315 0.146 -0.024 0.007 
Developed 400 m (neighboring land 
cover) Dev400 0.213 -0.111 -0.225 0.285 0.028 -0.290 
Agriculture field 400 m (neighboring 
land cover) Ag400 -0.226 -0.464 0.301 -0.245 0.261 0.293 
Grassland size 200 m Size200 -0.574 0.267 0.062 0.139 -0.129 0.113 
% Fragmentation 200 m  Frag200 0.501 0.050 0.102 -0.036 -0.114 0.021 
Grassland size 400 m Size400 -0.131 -0.698 0.016 0.206 -0.451 0.429 
% Fragmentation 400 m Frag400 0.564 0.068 -0.230 -0.094 -0.174 -0.049 
Weighted Age for Unit Age 0.157 -0.443 -0.152 0.088 -0.386 -0.235 
Vegetation Structure (cm) VegStruc -0.042 0.245 -0.440 -0.333 -0.129 0.255 
Average soil moisture for each point SoilMoist 0.669 -0.089 0.353 -0.266 0.114 0.294 
 
All the axes represent different combinations of environmental variables. For this 
analysis, usually only the strongest correlations were used for interpretation, however, some axes 
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were not strongly correlated with any environmental variables. As a result, the higher weak 
correlations were used for interpretation of the axes.  
Fig. 7. Canonical Correspondence Analysis Bi-Plot: Condensed Environmental and Maintenance 
Data. Rare species were removed. Showing bird (blue labeled circle) in respect to environmental 
and management factors (red vectors). Vector codes are given in Table 12. Bird species codes 
are shown in Appendix G. 
 
The environmental/management factors shown in Figure 7 are grouped into three 
different groups. The species and sites closer to the head of each vector indicate that those 
species are associated with sites with higher weighted average values for that particular 
environmental variable. Sites and species located further away from the arrow, opposite of its 
direction, can be assumed to have weighted averages for that variable lower than the average. 
Sites and species located near the origin (0,0) have average values for that variable (ter Braak 
and Verdonschot, 1995). Soil moisture and percent fragmentation of the grassland units at both 
scales are correlated with one another, given the smaller angles between each other. Furthermore, 
both fragmentation vectors are highly correlated with one another, given the difficultly to 
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differentiate the two vectors from each other. Bird species that are associated with sites with high 
soil moisture and fragmentation include Cardinalis cardinalis (Cardinal), Sialia sialis (Eastern 
Bluebird), Bombycilla cedrorum (Cedar Waxwing), Spinus tristis (American Goldfinch), Spizella 
pusilla (Field Sparrow), and Poecile atricapillus (Black-Capped Chickadee), among many 
others. Most of these species are woodland, shrubland species that may also be found in 
developed areas including neighborhoods. Developed areas tend to be highly fragmented. Other 
species associated with this group include many wetland species such as Anas platyrhychos 
(Mallard), Butorides virescens (Green Heron), and Empidonax traillii (Willow Flycatcher).  
Most of the typical grassland bird species are found in the second group associated closer 
to the origin of the plot and environmental/management axes: grassland size 200m and 
mechanical maintenance of forbs. Most of these species are associated with medium to high 
levels of mechanical maintenance of forbs and medium to larger grassland units at the 200m 
scale. These species include Ammodramus henslowii (Henslow’s Sparrow), Geothlypis trichas 
(Common Yellowthroat), Ammodramus savannarum (Grasshopper Sparrow), Sturnella magna 
(Eastern Meadowlark), Dolichonyx oryzivorus (Bobolink), Cistothorus platensis (Sedge Wren), 
and Passerculus sandwichensis (Savannah Sparrow). Some of these species are also found to be 
associated with smaller grassland units at the 400m scale and less neighboring agricultural cover, 
making up the third group of associated environmental/management factors. P. sandwichensis, 
A. savannarum, and A. henslowii fall into this category. In contrast, species that are found in sites 
with larger grassland units at the 400m scale and are surrounded by larger proportions of 
agricultural fields include Podilymbus podiceps (Pied-Billed Grebe), Passer domesticus (House 
Sparrow), Ixobrychus exilis (Least Bittern), and Vireo flavifrons (Yellow-Throated Vireo).  
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How each axis was associated with the distribution of sites and species was determined 
by analyzing the biplots of different axis combinations and plot of the WA site scores of the first 
and second axes. The plot of the weighted averages of the site scores for the 45 sampling units 
was used to see more clearly the associations of sites between themselves. Their grouping among 
the environmental/management vectors was used to determine how the sites were associated with 
the bird species abundances (Figure 8).  
Fig. 8. Canonical Correspondence Analysis Bi-Plot of WA (Weighted Average) site scores of the 
45 sampling units in 9 Kane County Forest Preserves on the reduced bird species matrix and 
reduced number of environmental constraints (18). Showing site distribution (blue labeled dots) 
in respect to environmental and management factors (red vectors). Vector codes are given in 
Table 12. Site codes are given in Appendix H.  
 
The grouping of the sites is slightly similar to that of the grouping of the bird species. In 
this case, there are two main groupings. The first group consists of around 12 of the sampling 
units including all of the sampling units from LeRoy Oaks, Hannaford Woods, most of the sites 
from Burnidge, and one sampling unit from Big Rock. These sites are associated with medium to 
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high soil moisture and habitat fragmentation at both scales. The second and largest grouping of 
sampling units is associated with medium to higher number of hours of mechanical maintenance  
of forbs, larger grassland size at 200m, and a greater proportion of neighboring agricultural land 
at 400m. All sites from Dick Young, Aurora West, Campton, Prairie Kame, Muirhead Springs 
and the remaining sites from Big Rock and Burnidge are associated with this group of factors.  
As the constraining variables change, in terms of the axes viewed in the plot, the 
grouping of sites change as well to represent different relationships. The relationship between 
species and environmental/management factors against the next set of axes (3 and 4) is shown in 
Figure 9. 
Fig. 9. Canonical Correspondence Analysis Bi-Plot: Condensed Physical Characteristics and 
Maintenance Data. Rare species were removed. Showing plant (blue labeled dots) in respect to 
environmental and management factors (red labeled vectors). Vector codes are given in Table 
12. Bird species codes are shown in Appendix G.  
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Each axis represents different combinations of variables and different relationships 
between those variables. The third and fourth axes are both associated with a decrease in 
vegetation structure which has the longest vector. Other contributors to axis 3 include soil 
moisture which is positively correlated and the proportion of neighboring forest, wetland, and 
shrubland habitat at 400m, which is negatively correlated. Axis four is also influenced by soil 
moisture as well as the proportion of neighboring developed land at 400m. The grouping of 
species is much less defined along the environmental gradients; however, the spread of species 
distribution along the environmental/management gradients can be used to define the 
relationship present. Vegetation structure contributed the most to both axes and there are three 
main groups of species associated with it. Species associated with higher vegetation structure 
include Quiscalus quiscula (Common Grackle), Tyrannus tyrannus (Eastern Kingbird), 
Molothrus ater (Brown-Headed Cowbird), Anas platyrhynchos (Mallard), and Toxostoma rufum 
(Brown Thrasher). All of these species are associated with a variety of habitat types including 
those with shrub and tree cover or wetlands which may be associated with taller vegetation 
structure. The majority of species, however, are associated with average vegetation structure. 
The average values for each of the environmental/management factors are shown in Appendix D. 
Most of the grassland species are included in this group. The exception is D. oryzivorus 
(Bobolink) which seems to be associated with sites with slightly higher vegetation structure 
along with Drumetella carolinensis (Gray Catbird), Phasianus colchicus (Ring-Necked 
Pheasant), and Empidonax traillii (Willow Flycatcher). There is also a group associated with 
lower vegetation structure including Coruvus brachyrhnchos (American Crow), Setophaga 
petechial (Yellow Warbler), Poecile atricapillus (Black-Capped Chickadee) and Spizella pusilla 
(Field Sparrow).  
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The second major division seen in the bird species arrangement against the two axes 
results from the group of negatively correlated factors: soil moisture, proportion of developed 
land 400m, and proportion of forest, wetland, and shrubland at 400m.  
Species associated with higher soil moisture but lower neighboring proportions of 
developed or other habitat types include Charadrius vociferus (Killdeer), Hirundo rustica (Barn 
Swallow), Zenaida macroura (Mourning Dove), A. savannarum (Grasshopper Sparrow), and 
Melospiza georgiana (Swamp Sparrow), to name a few. Some of the grassland species including 
S. magna (Eastern Meadowlark), M. melodia (Song Sparrow), and G. trichas (Common 
Yellowthroat) are located around the origin with P. domesticus (House Sparrow) and Agelaius 
phoeniceus (Red-Winged Blackbird).  The other major group is associated with larger proportion 
of other neighboring habitat types or developed land cover, but lower soil moisture including I. 
exilis (Least Bittern), Cistothorus platensis (Sedge Wren), A. henslowii (Henslow’s Sparrow), 
and V. flavofrons (Yellow-Throated Vireo).  
This orientation of species in the matrix is seen to mirror that of the site orientation in the 
matrix against the same axis as shown in Figure 10.  
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Fig. 10. Canonical Correspondence Analysis Bi-Plot: Condensed Physical Characteristics and 
Maintenance Data. Rare species were removed. Showing site distribution (blue labeled dots) in 
respect to environmental and management factors (red vectors). Vector codes are given in Table 
12. Site codes are shown in Appendix H.  
 
Most of the sampling units are associated with average vegetation structure with a few 
exceptions. One of the Campton sites (C7) and Burnidge sites (B2) were found to be associated 
with higher vegetation structure, whereas another Burnidge site (B4) and one in Aurora West 
(AW5) and Hannaford Woods (HW3) seem to be associated with lower vegetation structure. The 
rest of the site orientation seem to be associated with the negatively correlated soil moisture, and 
proportion of other neighboring habitat type and land cover gradient. Sites associated with higher 
soil moisture but lower proportion of other neighboring land cover include those from Prairie 
Kame, LeRoy Oaks, Muirhead Springs, and Hannaford Woods. Most of the Dick Young sites are 
associated with average to higher proportions of other neighboring land cover and average to 
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lower soil moisture. Aurora West, Campton, the remained of LeRoy Oaks follows a similar 
pattern, but are associated with higher proportions of other neighboring land cover.  
 The last set of axes examined were CCA5 and CCA6. The relationship between the bird 
species abundances and the presence of the strongest associated environmental/management 
factors for these axes are shown in Figure 11.  
 
Fig. 11. Canonical Correspondence Analysis Bi-Plot: Condensed Physical Characteristics and 
Maintenance Data. Rare species were removed. Showing bird (blue labeled dots) in respect to 
environmental and management factors (red labeled vectors). Vector codes are given in Table 
12. Bird species codes are shown in Appendix G.  
 
Axis 5 was also found to be associated with another management frequency: prescribed 
burns. More specifically, CCA5 was associated with a decrease in prescribed burns. The other 
two top correlated vectors were grassland size at 400m and grassland age. Axis 6 was associated 
with several environmental/management factors already strongly correlated to at least one of the 
previous 4 axes, including grassland size at 400m and mechanical maintenance of forbs. The 
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additional management factor that was found to be one of the top correlated factors to axis 6, was 
hours of mechanical brush maintenance. The result of having the same set of variables 
influencing the distribution of species in a combination of different ways, suggests they are 
potentially more important in niche separation than the other variables included in the analysis. 
The biplot shows that weighted burn frequency, grassland age, and hours of mechanical 
brush maintenance are correlated with one another given the smaller angle between the three 
vectors. Grassland size at 400m and hours of mechanical forb maintenance were also found to be 
strongly correlated with one another. These groupings of vectors resulted in two major divisions 
in the species distribution within the matrix. Most species are associated with average to lower 
number of hours of mechanical maintenance of forbs as well as medium to smaller grassland 
sizes at 400m. Half of the true grassland species fall into this category including D. oryzivorus 
(Bobolink), G. trichas (Common Yellowthroat), and S. magna (Eastern Meadowlark), along with 
most of the other species which can utilize grasslands as a main habitat type. However, A. 
savannarum (Grasshopper Sparrow), S. americana (Dickcissel), P. sandwichensis (Savannah 
Sparrow) were found to be associated with larger grassland size at 400m and more hours of 
mechanical forb maintenance.  
The other major grouping was along the weighted burn frequency, grassland age, and 
hours of mechanical brush maintenance gradient. Again, the majority of bird species observed 
were associated with average values for all three of these factors; this includes most of the true 
grassland species as well. There are two exceptions, however, to this statement. D. oryzivorus 
(Bobolink) is associated with higher burn frequencies and older grassland sites. In contrast, S. 
americana, was found to be associated with younger sites with lower burn frequencies and fewer 
hours of brush maintenance. Other species included in this group are Porzana carolina (Sora), P. 
75 
 
domesticus (House Sparrow), Quiscalus quiscula (Common Grackle), and Tyrannus tyrannus 
(Eastern Kingbird).  
The orientation of sites also follows the orientation of the bird species within the matrix 
as shown in Figure 12.  
 
Fig. 12. Canonical Correspondence Analysis Bi-Plot: Condensed Physical Characteristics and 
Maintenance Data. Rare species were removed. Showing site distribution (blue labeled dots) in 
respect to environmental and management factors (red vectors). Vector codes are given in Table 
12. Site codes are shown in Appendix H.  
 
A large majority of the sampling units are associated with average to lower grassland size 
at 400m and hours of mechanical forb maintenance. These includes Dick Young, Hannaford 
Woods, Prairie Kame, Aurora West, LeRoy Oaks, Big Rock, and Campton. Whereas, Muirhead 
Springs, and some of the sampling units from Aurora West, LeRoy Oaks, Burnidge, and Big 
Rock were associated with larger grassland sizes and more hours of forb maintenance. More sites 
seem to be associated with higher levels of brush maintenance including those from Dick Young, 
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Aurora West, LeRoy Oaks, and Hannaford Woods. The other large group of sites are associated 
with average aged sites and average burn frequencies including, Big Rock, Dick Young, 
Muirhead Springs, and Hannaford Woods. The remaining sites are associated with younger sites 
with lower brush and burn maintenance. Sites from Muirhead Springs, Burnidge, and Prairie 
Kame fall into this category.  
 
Discussion: 
The differences observed in the series of canonical correspondence analyses highlight the 
possible effects of including rare species in the analysis as well as the impact of the arch effect 
due to the inclusion of too many environmental constraint variables. For example, the first 
analysis on the bird data before the rare species were removed found that the proportion of other 
neighboring habitat or land cover (forest wetland, shrubland, developed, and agriculture) had a 
large effect upon niche separation of species. After the rare species were removed and the 
number of constraining variables was reduced to 18, the proportion of other neighboring 
habitat/land cover type was not included in the top six variables that had the strongest association 
with niche separation. However, some of the other factors including soil moisture, grassland size, 
and percent fragmentation were still found to have a strong association with bird species 
distribution across all analyses. As compared with the plant species analysis, most of the same 
environmental factors were found to have strong associations with plant species distribution 
regardless how the data included in the analysis was altered. The similarities in the results 
reinforce the conclusions obtained about which environmental gradients have the largest impact 
upon niche separation for both plant and bird species across the nine sites in the Kane County 
Forest Preserve District.  
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Across the four different analyses applied to both the bird and plant species observed 
within the 45 sampling units, there were several environmental variables that consistently had the 
largest effect upon species distribution. The environmental gradient that had the largest influence 
upon niche separation of the observed plant species included the frequency of mechanical forb 
maintenance and proportion of other neighboring habitat types including forest, shrubland, and 
wetland. Most of the grassland species were found to be associated with low to average 
proportions of other neighboring habitat at the 400m scale (average proportion: 24.6%), but 
average to higher frequencies of forb maintenance (average: 28.8 hours for the past 5 years). 
Two other maintenance activities had large effects upon plant species distribution including 
brush maintenance and burn frequency. Most grassland species were associated with average 
frequencies of burn maintenance: 2.4 burns since 2004, but were much more variable in their 
response to the number of hours of brush maintenance since 2009: 6.9 hours. Chemical 
maintenance was found to have an impact upon plant species distribution; however, the effect 
was less than the other three management activities previously named. Overall, the influence of 
chemical maintenance was variable across the majority of grassland species. Most were 
associated with average numbers of hours of chemical maintenance (11.3 hours since 2009), but 
some were also associated with higher and lower values. In addition, there were also 6 other 
environmental variables that impacted species distribution, predominately uncontrolled from a 
management perspective; they include proportion of neighboring agricultural fields at both 
scales, proportion of neighboring developed land at 200m, percent fragmentation at 400m, 
vegetation structure, and grassland age.  
Ten of the twelve named environmental/management factors were also associated with 
the distribution of bird species in the 45 sampling units. Of the ten factors, three were 
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maintenance factors including hours of mechanical maintenance of forbs and brush and weighted 
burn frequency. The grassland bird and plant species were found to respond the same to two of 
the three management factors. Grassland bird and plant species both were found to be associated 
with sites with average to higher number of hours of mechanical maintenance of forbs, but 
average burn frequencies. For brush maintenance, there was an overlap in the response, where 
bird species were found to be associated with average to higher numbers of brush maintenance 
hours, but plants were more variable in their response in that they were found in association with 
low, average, and high values.  
Of the remaining seven environmental factors that were found to influence both plant and 
bird species distribution, both distributions were also found to respond similarly with the 
proportion of neighboring land cover. Both plant and bird species were found to be associated 
with sites with low to average proportions of other neighboring habitat type including forest, 
wetland, and shrubland at the 400m scale. Both plant and bird species were associated with sites 
with an average proportion of neighboring agricultural fields at both scales (3% at 200m and 
12.2% at 400m). Grassland size at 200m was another environmental factor that both distributions 
responded the same to. They both were associated with average to large grassland sizes with the 
average size being 113,550m2.  
 In contrast, bird and plant distribution response to grassland age, vegetation structure, 
and percent fragmentation differed. Native grassland plant species seemed to be associated more 
with older sites, whereas the grassland bird species seemed to be associated with low to average 
aged sites with the average age being 8.9 years. However, because ages of the sites were 
determined from two sources, the seed install log and the worklog which vary in the length of 
historical maintenance records they cover, the ages for some of the sampling units may, in fact, 
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be older than estimated in this study. Vegetation structure was another factor to which the bird 
and plant species responded differently. There was a wide range of response to vegetation 
structure by native grassland plant species, where the species seem to be evenly distributed 
among high, medium, and low vegetation structure. In contrast, most of the grassland bird 
species were associated with sites with average vegetation structure: 8.56cm. Percent 
fragmentation at 400m was the third factor to which bird and plant species responded differently. 
Most grassland plant species were found to be associated with sites of average to high percent 
fragmentation, whereas grassland birds were more associated with average to low percent 
fragmentation of grasslands.  
There were four additional environmental variables that the bird species were associated 
with: percent fragmentation 200m, soil moisture, grassland size 400m and proportion of 
neighboring developed land at 200m. Percent fragmentation and soil moisture in association with 
grassland size were the top environmental variables that explained the largest amount of 
variation in bird species distribution. Responses among all bird species were variable along each 
environmental gradient; however, the response by true grassland species along these same 
gradients was more easily quantifiable. True grassland bird species were associated more with 
sites with average to lower percent fragmentation (averages: 200m-9.84% and 400m-17.6%), 
medium to larger grassland size at 200m (average: 113,550m2), but average to smaller grasslands 
at the 400m scale (average: 6,430,233.3m2). It is possible that the difference between the niche 
separation at the 200m level and the 400m level is due to bird species response to landscape 
factors at different scales. Typically, both plant and bird species have been found to respond the 
same to both the 200m and 400m scales for the proportion of other neighboring habitat/land 
cover and percent fragmentation. Plant species were also found to respond the same to grassland 
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size at the 200m and 400m scale. Therefore, scale did not have a very large effect upon species 
response except in the case of grassland size for bird species, where the response to one scale 
was different from that of the other.  
Although the bird and plant species were analyzed separately, the results suggest that the 
main hypothesis was supported to an extent. The main hypothesis for this study stated that the 
abundance of grassland bird and plant species will be positively related to the increase in 
frequency of maintenance events including burn, chemical, and mechanical maintenance. 
Grassland bird and plant species responded well to an increase in mechanical maintenance of 
forbs which includes mowing, pulling, and hand cutting of invasive species. Both distributions 
also responded well to higher levels of brush maintenance which included small and large woody 
species removal. Burn frequency also had a large impact upon both groups, and the study 
suggests that an average frequency of burning is beneficial for most species, which supports the 
results of previous studies for grassland plant and bird responses. Chemical maintenance was 
found to have a smaller impact upon plant species distribution but was not found to influence 
bird species distribution. Frequency of seeding and planting was not found to have a large impact 
upon either group of species.  
The second hypothesis, that the bird and plant communities will also respond to other 
abiotic and biotic factors or characteristics of the units, was fully supported by the results. Both 
the bird and plant species distribution can be associated with several other environmental 
gradients including the proportion of neighboring habitat (developed, forest, wetland, shrubland, 
and agriculture), grassland size, vegetation structure, percent fragmentation, and soil moisture. 
However, it was found that no single environmental gradient strongly influenced the distribution 
of either group over the other gradients.  
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A closer look at the observed plant and bird species reveals that not all species were 
native grassland species. This observation and additional factors make management decisions 
difficult because A) there were 12 environmental/management factors that influenced plant 
species distribution and 13 factors that influenced bird species distribution, B) some of those 
factors are different between the two groups and management decisions have to reflect those 
differences, C) the presence of non-grassland species results in different responses to 
environmental gradients, and D) some of those environmental gradients are not controlled by the 
land management team. The purpose of this study was to determine what major factors influence 
bird and plant community composition. Although the analysis used cannot state that the presence 
of a certain environmental gradient caused the observed niche separation, it can be used to say 
there is a strong association between the gradient and the distribution. The benefit of this study 
included identifying the strongest gradients that were associated with bird and plant species 
distribution as well as identifying those that were similar across both groups. This offers, 
perhaps, an insight into how management practices can positively benefit the grassland 
community as a whole. And although many of the environmental factors strongly influencing 
bird and plant species distributions cannot be easily controlled by the land management team, 
that is not to say they cannot be influenced by the decisions made. Grassland size, percent 
fragmentation, vegetation structure, soil moisture, and proportion of neighboring habitat type or 
land cover can in some way, regardless of how small, can be influenced by some type of 
management decision. This study highlights the importance of conducting observational analyses 
on management sites to determine what major factors influence species presence and how 
management decision can best be used to have the largest benefit upon the community system as 
a whole.   
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Future Work: 
There were several limitations to the design of this study that may be able to be addressed 
in future work of studies of a similar nature. One of the major limitations was sample size. 
Although, there were 45 sampling units across the 9 sites, which provided adequate coverage of 
grassland conditions across most of the Kane County Forest Preserves (given they included 
preserved in the south, middle, and northern sections of the county), the coverage of the sub-
samples within the sampling units for determining plant species percent cover and bird species 
abundances could be improved. This would include monitoring more 1mx1m plots for plant 
species cover across the entire sub-sample to result in a more representative sampling of that 
unit. Also it would be of interest to increase the number of bird counts across the two month 
sampling period to give a better representation of the species utilizing the grasslands throughout 
that entire period.  
Time was a limiting factor in this study. Although, sampling was completed within the 
predetermined time frame, the first sampling units were done toward the beginning of the 
growing season and the last of the sampling units were completed toward the peak of the 
growing season. Plant coverage, vegetation structure, soil moisture are all expected to change 
throughout the growing season. The extent of that change is dependent on several different 
factors including the species present and environmental conditions such as soil properties and 
weather. Therefore, it would be ideal to sample the units at least twice throughout the growing 
season, and perhaps around the same time bird counts are being done. Additionally, sampling 
across a number of growing seasons would be useful to remove any of these prelisted 
variabilities between sampling units. The benefit of using the multivariate analysis is that some 
of this variability is mitigated because it takes into account the presence of a particular species at 
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a given value of an environmental/management factor across these different sampling units with 
potentially different sampling conditions, and the analysis fits that species within the matrix 
against several different constraining factors. This results in a natural range for species presence 
based on different sampling conditions and this may also help to explain why rare species are 
removed from the analysis. Therefore, this sampling design is okay for species comparison, but 
additional sampling of the same sampling units within either the same growing season or across 
growing seasons may help the comparison between sampling units (sites) more accurate.  
The results of the analysis also highlighted other environmental/management factors that 
may be of interest to look at. The final analysis of both the plant and bird species matrixes 
suggested that there were potentially, several other environmental/management factors that may 
be important contributors to species distribution that were not included in the analysis. Some of 
these factors can be included by doing soil analysis: looking at microbial communities, chemical 
analysis for nutrient concentrations, soil-water retention, soil-water potential, and soil typing. 
This can also improve the accuracy of measuring soil moisture by taking into account soil 
conditions in conjunction with looking at precipitation events throughout the growing season. 
These added variables may give a better sense of the community structure of the sites as a whole. 
Other considerations include incorporating a diversity measurement to assess competition and 
identify dominant species, for dominant species primarily control the structure and function of 
the vegetation community (Collins, et al., 1998). Predator abundances or herbivore impact 
assessment and tree and shrub cover across the entire sampling unit may also be useful in 
assessing the major environmental gradients that influence grassland community composition. 
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Appendix A: 
Maps of each of the nine forest preserves and the 45 sampling units used for the study. The red 
points with a black outline represent the bird survey posts and the yellow polygon representing 
the corresponding 75m radius buffer around each point making up the area of the sampling unit. 
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Appendix B: 
Code for the canonical correspondence analysis using R studio 
 
Import of data: Several different versions of the data file was used depending on which series of 
analysis was being done. The description of the command is bolded followed by the command 
run in R studio. 
 
Import data: with all data 
CCAdata1=read.csv("Data for R.csv", header=T) 
CCAdata1 
 
Import data: with condensed environmental and maintenance data (22 constraint 
variables) 
Condensedx=read.csv("Data for R2.csv", header=T) 
Condensedx 
 
Import Data: condensed environmental data (22 constraint variables): New condensed 
labels for column 
Condensedx2=read.csv("Data for R4.csv", header=T) 
Condensedx2 
 
Import data: rare species removed 
Condensedx3=read.csv("Data for R5.csv", header=T) 
Condensedx3 
____________________________________________________________ 
 
A package was downloaded to do the analysis called vegan. Each time the analysis was run, this 
package was referenced. 
 
Loading necessary packages for canonical correlation analysis 
Install.packages("vegan") 
library(vegan) 
 
require(vegan) 
 
Different x and y variables were used depending on the data being analyzed. Plant and bird 
species were analyzed separately. The excel file was converted to a csv file and the x and y 
command refer to a series of consecutive columns within the data file. A hash tag (#) was placed 
in front of each line when the variables were not being used for the analysis.  
 
Defining dependent and independent variables: all x variables run together 
x=as.matrix(CCAdata1[,256:303]) 
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Day maintenance data run only: Just for Reference 
x=as.matrix(CCAdata[,256:269]) 
 
Condensed environmental and maintenance data: Plants 
x=as.matrix(Condensedx2[,256:277]) 
y=as.matrix(Condensedx2[,6:197]) 
 
Condensed environmental and Maintenance Data: Birds 
x=as.matrix(Condensedx2[,256:277]) 
y=as.matrix(Condensedx2[,199:255]) 
 
Rare Species Removed: Plants 
x=as.matrix(Condensedx3[,206:227]) 
y=as.matrix(Condensedx3[,6:161]) 
 
Rare bird species removed from dataset 
x=as.matrix(Condensedx3[,206:227]) 
y=as.matrix(Condensedx3[,163:204]) 
 
Rare species from data and day maintenance removed: plants 
x=as.matrix(Condensedx3[,210:227]) 
y=as.matrix(Condensedx3[,6:161]) 
 
Rare Species removed from data and day maintenance removed: Birds 
x=as.matrix(Condensedx3[,210:227]) 
y=as.matrix(Condensedx3[,163:204]) 
 
 
Command to perform the canonical correspondence analysis using the vegan package. The x and 
y defined variables were changed each time a new analysis was run. The command line to run 
the analysis stayed the same. 
 
Performing canonical correspondence analysis for all data 
CanCorA=cca(y ~ x, CCAdata1) 
CanCorA 
 
Performing cca with condensed data with new labels 
CanCorA=cca(y ~ x, Condensedx3) 
CanCorA 
 
Creating the tri-plot for each analysis. The extra lines refers to commands to change the look of 
the plot 
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Plotting canonical correspondence analysis: Bi-plot 
sum.data=summary(CanCorA) 
 
To extract species and site data from the summary (to remove unknowns) 
sum.data$species 
sum.data$sites 
 
Renaming the sites 
rownames(sum.data$sites)=c("AW1", "AW2", "AW5","DY1", "DY2", "DY3", "DY4", "DY5", 
"DY6", "DY7", "DY8", "PK1", "PK2", "PK3", "PK4", "PK5", "PK6", "PK7", "PK8", "HW3", 
"HW4", "HW5", "HW8", "LO3", "LO4", "LO5", "LO7", "BR1", "BR2", "BR3", "BR4", 
"MS1", "MS2", "MS3", "MS4", "MS5", "MS6", "MS7", "MS8", "C1", "C7", "B1", "B2", "B3", 
"B4") 
 
For plants: Extracting only the top environmental variables 
sum.data$biplot 
EM1=sum.data$biplot[c(2,3,9,12,17), c(1,2)] 
EM2=sum.data$biplot[c(3,5,7,8,9,11), c(3,4)] 
EM3=sum.data$biplot[c(1,2,3,5,15,16), c(5,6)] 
 
For plants: Converting the list of extracted biplot scores into a matrix 
EM1a=as.matrix(EM1) 
EM2a=as.matrix(EM2) 
EM3a=as.matrix(EM3) 
 
For birds: extracting biplot scores from the CCA summary 
EM1=sum.data$biplot[c(18,12,15,13,14,2,11), c(1,2)] 
EM2=sum.data$biplot[c(17,18,9,10), c(3,4)] 
EM3=sum.data$biplot[c(14,2,5,16,3), c(5,6)] 
 
For Birds: Converting the list of extracted biplot scores into a matrix 
EM1a=as.matrix(EM1) 
EM2a=as.matrix(EM2) 
EM3a=as.matrix(EM3) 
 
For birds: extracting species and sites from the CCA summary 
bird1=sum.data$species[, c(3,4)] 
bird2=sum.data$species[, c(5,6)] 
 
bird1s=sum.data$sites[,c(3,4)] 
bird2s=sum.data$sites[,c(5,6)] 
 
Importing condensed data sets for plotting (from excel) 
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plant1=read.csv("Plants1forR.csv", header=T) 
plant3=read.csv("Plants3forR.csv", header=T) 
plant5=read.csv("Plants5forR.csv", header=T) 
 
Renaming and converting the imported datasets into matrices 
plantsp2=as.matrix(plantsp[1:57, 2:3]) 
plantsp2 
plantsp34=as.matrix(plant3[1:58, 2:3]) 
rownames(plantsp34)=plant3[,1] 
plantsp56=as.matrix(plant5[1:55, 2:3]) 
rownames(plantsp56)=plant5[,1] 
sites34=as.matrix(plant3[1:45, 10:11]) 
rownames(sites34)=plant3[1:45,9] 
sites56=as.matrix(plant5[1:45, 10:11]) 
rownames(sites56)=plant5[1:45, 9] 
 
#creating biplot from scratch (CCA1, CCA2) for plant species 
plot(plantsp3[,1], plantsp3[,2], xlim=c(-2.5,2.8), ylim=c(-3,2.2), pch=20, main="Plant Species 
Niche Separation", xlab="CCA1", ylab="CCA2", col="blue", abline(h=0, v=0, lty=2)) 
text(plantsp3, rownames(plantsp3), cex=0.75, pos=4, col="blue") 
arrows(0,0,2*EM1a[,1], 2*EM1a[,2], length=0.1, col="red" ) 
text(2*EM1a[,1], 2*EM1a[,2], rownames(EM1a), cex=0.75, pos=2, col="red") 
 
#creating biplot for CCA1 CCA2 for plant sites 
plot(sum.data$sites[,1], sum.data$sites[,2], xlim=c(-2.2,3.5), ylim=c(-3,2.4), pch=20, 
main="Plant Species Niche Separation", xlab="CCA1", ylab="CCA2", col="blue", abline(h=0, 
v=0, lty=2)) 
text(sum.data$sites, rownames(sum.data$sites), cex=0.75, pos=4, col="blue") 
arrows(0,0,2.5*EM1a[,1], 2.5*EM1a[,2], length=0.1, col="red" ) 
text(2.5*EM1a[,1], 2.5*EM1a[,2], rownames(EM1a), cex=0.75, pos=2, col="red") 
 
#creating biplot for CCA3 CCA4 for plant sites 
plot(sites34[,1], sites34[,2], xlim=c(-2.2,3.5), ylim=c(-3,2.4), pch=20, main="Plant Species 
Niche Separation", xlab="CCA3", ylab="CCA4", col="blue", abline(h=0, v=0, lty=2)) 
text(sites34, rownames(sites34), cex=0.75, pos=3, col="blue") 
arrows(0,0,2.5*EM2a[,1], 2.5*EM2a[,2], length=0.1, col="red" ) 
text(2.5*EM2a[,1], 2.5*EM2a[,2], rownames(EM2a), cex=0.75, pos=2, col="red") 
 
#creating biplot for CCA5 CCA6 for plant sites 
plot(sites56[,1], sites56[,2], xlim=c(-2.2,3.5), ylim=c(-3,2.4), pch=20, main="Plant Species 
Niche Separation", xlab="CCA5", ylab="CCA6", col="blue", abline(h=0, v=0, lty=2)) 
text(sites56, rownames(sites56), cex=0.75, pos=3, col="blue") 
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arrows(0,0,2.5*EM3a[,1], 2.5*EM3a[,2], length=0.1, col="red" ) 
text(2.5*EM3a[,1], 2.5*EM3a[,2], rownames(EM3a), cex=0.75, pos=2, col="red") 
 
 
#Biplot for CCA3 and CCA4 for plant species 
plot(plantsp34[,1], plantsp34[,2], xlim=c(-2.5,2.8), ylim=c(-3,2.2), pch=20, main="Plant Species 
Niche Separation", xlab="CCA3", ylab="CCA4", col="blue", abline(h=0, v=0, lty=2)) 
text(plantsp34, rownames(plantsp34), cex=0.75, pos=4, col="blue") 
arrows(0,0,2*EM2a[,1], 2*EM2a[,2], length=0.1, col="red" ) 
text(2*EM2a[,1], 2*EM2a[,2], rownames(EM2a), cex=0.75, pos=2, col="red") 
 
#Biplot for CCA5 and CCA6 for plant species 
plot(plantsp56[,1], plantsp56[,2], xlim=c(-3,2), ylim=c(-5,2), pch=20, main="Plant Species 
Niche Separation", xlab="CCA5", ylab="CCA6", col="blue", abline(h=0, v=0, lty=2)) 
text(plantsp56, rownames(plantsp56), cex=0.75, pos=4, col="blue") 
arrows(0,0,2*EM3a[,1], 2*EM3a[,2], length=0.1, col="red" ) 
text(2*EM3a[,1], 2*EM3a[,2], rownames(EM3a), cex=0.75, pos=2, col="red") 
 
 
#creating biplot from scratch (CCA1, CCA2) for Bird species 
plot(sum.data$species[,1], sum.data$species[,2], xlim=c(-1.3,2), ylim=c(-4,1.2), pch=20, 
main="Bird Species Niche Separation", xlab="CCA1", ylab="CCA2", col="blue", abline(h=0, 
v=0, lty=2)) 
text(sum.data$species, rownames(sum.data$species), cex=0.75, pos=4, col="blue") 
arrows(0,0,2*EM1a[,1], 2*EM1a[,2], length=0.1, col="red" ) 
text(2*EM1a[,1], 2*EM1a[,2], rownames(EM1a), cex=0.75, pos=2, col="red") 
 
#creating biplot for CCA1 CCA2 for bird sites 
plot(sum.data$sites[,1], sum.data$sites[,2], xlim=c(-1.8,3.1), ylim=c(-3,1.8), pch=20, 
main="Bird Species Niche Separation: Units", xlab="CCA1", ylab="CCA2", col="blue", 
abline(h=0, v=0, lty=2)) 
text(sum.data$sites, rownames(sum.data$sites), cex=0.75, pos=4, col="blue") 
arrows(0,0,2.5*EM1a[,1], 2.5*EM1a[,2], length=0.1, col="red" ) 
text(2.5*EM1a[,1], 2.5*EM1a[,2], rownames(EM1a), cex=0.75, pos=2, col="red") 
 
#creating biplot from scratch (CCA3, CCA4) for Bird species 
plot(sum.data$species[,3], sum.data$species[,4], xlim=c(-2.3,2), ylim=c(-2,2.2), pch=20, 
main="Bird Species Niche Separation", xlab="CCA3", ylab="CCA4", col="blue", abline(h=0, 
v=0, lty=2)) 
text(bird1, rownames(bird1), cex=0.75, pos=4, col="blue") 
arrows(0,0,2*EM2a[,1], 2*EM2a[,2], length=0.1, col="red" ) 
text(2*EM2a[,1], 2*EM2a[,2], rownames(EM2a), cex=0.75, pos=2, col="red") 
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#creating biplot for CCA3 CCA4 for bird sites 
plot(sum.data$sites[,3], sum.data$sites[,4], xlim=c(-1.5,2.3), ylim=c(-2.5,1.5), pch=20, 
main="Bird Species Niche Separation: Units", xlab="CCA3", ylab="CCA4", col="blue", 
abline(h=0, v=0, lty=2)) 
text(bird1s, rownames(bird1s), cex=0.75, pos=4, col="blue") 
arrows(0,0,2.5*EM2a[,1], 2.5*EM2a[,2], length=0.1, col="red" ) 
text(2.5*EM2a[,1], 2.5*EM2a[,2], rownames(EM2a), cex=0.75, pos=2, col="red") 
 
#creating biplot from scratch (CCA5, CCA6) for Bird species 
plot(sum.data$species[,5], sum.data$species[,6], xlim=c(-1.7,1.7), ylim=c(-0.7,1.8), pch=20, 
main="Bird Species Niche Separation", xlab="CCA5", ylab="CCA6", col="blue", abline(h=0, 
v=0, lty=2)) 
text(bird2, rownames(bird2), cex=0.75, pos=4, col="blue") 
arrows(0,0,2*EM3a[,1], 2*EM3a[,2], length=0.1, col="red" ) 
text(2*EM3a[,1], 2*EM3a[,2], rownames(EM3a), cex=0.75, pos=2, col="red") 
 
#creating biplot for CCA5 CCA6 for bird sites 
plot(sum.data$sites[,5], sum.data$sites[,6], xlim=c(-3,2.5), ylim=c(-1.7,3), pch=20, main="Bird 
Species Niche Separation: Units", xlab="CCA5", ylab="CCA6", col="blue", abline(h=0, v=0, 
lty=2)) 
text(bird2s, rownames(bird2s), cex=0.75, pos=4, col="blue") 
arrows(0,0,2.5*EM3a[,1], 2.5*EM3a[,2], length=0.1, col="red" ) 
text(2.5*EM3a[,1], 2.5*EM3a[,2], rownames(EM3a), cex=0.75, pos=2, col="red") 
 
 
Command to obtain the summary of the CCA 
Summary of results 
summary(CanCorA) 
 
 
Testing significance of the constrained axes: Monte Carlo global mean permutation test 
 
Testing Significance: all axes simultaneously 
anova(CanCorA) 
 
Testing Significance: axes individually 
anova(CanCorA, by='axis') 
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Appendix C: 
The original 46 environmental/management factors used for the first series of CCA. The first set 
of factors (white) are the series of management activities recorded for each sampling unit. The 
bottom half of factors are the environmental characteristics measured for each sampling unit. 
 
Environmental/Management Factors 
Day Boom:chem 
Day Hand:Chem 
Day Stump:Chem 
Day Wicking:chem 
Day Mowing:forb 
Day Pulling:Frob 
Day Hand:forb 
Day Hand:Brush 
Day Saw:Brush 
Day ASV/Tractor  Mowing:Brush 
Day Plug Planting 
Day Seed Planting 
Day Tree planting 
Hour Boom: Chem 
Hour Hand:chem 
Hour Stump:chem 
Hour Wicking: chem 
Hour Mowing:forb 
Hour Pulling:forb 
Hour hand:forb 
Hour Hand:Brush 
Hour Saw:brush 
Hour ASV/tractor Mowing:brush 
Hour Plug Planting 
Hour Seed Planting 
Hour Tree planting 
Grassland size: 200m 
% Fragmentation: 200m 
Grassland Size: 400m 
% Fragmentation: 400m 
Forest 200m edge 
Wetland 200m edge 
Maintained (FP) 200m edge 
Developed (non-FP) 200m edge 
Ag. Field 200m edge 
Shrubland 200m edge 
Forest 400m edge 
Wetland 400m edge 
Maintained (FP) 400m edge 
Developed (non-FP) 400m edge 
Ag. Field 400m edge 
Shrubland 400m edge 
Weighed age for unit 
Vegetation Structure (cm) 
Averaged soil moisture for each point 
Weighted Burn Frequency 
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Appendix D: 
Average values and standard deviations of the Environmental/Management Factors after similar 
and/or correlated variables were condensed or removed from the analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix E: 
Plant Species Scores for the final CCA analysis- Rare plant species were removed from the 
dataset and compared to 18 different environmental/management factors. Species with an 
asterisk (*) denote those that were not plotted on the species biplots due to low species scores for 
all 5 axes. Unknown species without a listed scientific name were also removed from the list of 
species that were plotted 
 
Code Scientific Name Common Name CCA1 CCA2 CCA3 CCA4 CCA5 CCA6 
Poapra Poa Pratensis Kentucky Blue 0.096 -0.573 0.840 0.146 0.080 -0.042 
Poaspp Poa species Blue Grass Species 0.632 -0.549 -0.568 -1.794 0.407 -0.016 
Poacom Poa compressa Canada Blue Grass 1.602 0.999 -0.080 0.354 0.212 0.032 
Spohet Sporobolus heterolepis 
Prairie Drop 
Seed 0.755 -0.250 -1.665 0.257 -2.588 -0.983 
Andger* Andropogon gerardii Big Blue -0.478 0.286 0.267 0.066 0.166 0.144 
Broine* Bromus inermus Hungarian Brome 0.778 -0.199 -0.512 -0.725 0.365 0.174 
18 Environmental/Management Factors Average values Standard Deviation 
Chemical Hour 11.32 13.00 
Mechanical Forb Hour 28.80 41.35 
Mechanical Brush Hour 6.91 18.07 
Seed/Plant Hour 7.86 15.76 
Weighted Burn Frequency 2.39 1.21 
Forest, Shrub, wetland 200m 0.09 0.18 
Developed 200m 0.06 0.11 
Ag. Field 200m edge 0.03 0.08 
Forest, Shrub, Wetland 400m 0.25 0.28 
Developed 400m 0.15 0.20 
Ag. Field 400m edge 0.12 0.19 
Grassland size: 200m 113549.97 13647.93 
% Fragmentation: 200m 0.10 0.17 
Grassland Size: 400m 6430233.26 40748485.22 
% Fragmentation: 400m 0.18 0.23 
Weighed age for unit 8.89 4.64 
Vegetation Structure (cm) 8.56 4.08 
Averaged soil moisture for each point 77.01 21.26 
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Brospp Bromus species Brome species 2.374 0.644 -0.924 1.112 0.357 -0.047 
Elycan* Elymus canadensis Canadian Rye -0.305 0.561 0.034 0.119 0.092 0.038 
Elyspp Elymus species Elymus species 1.406 1.832 -0.267 3.005 -0.465 -0.648 
Panvir* Panicum virgatum Switchgrass 0.168 0.672 0.311 -0.189 0.393 -0.112 
Sornut* Sorghastrum nutans Indian Grass -0.118 -0.069 0.242 -0.388 0.143 -0.018 
Elyrep Elymus repens Quack Grass 0.313 -0.381 -0.589 -0.957 -0.287 0.422 
Setfab* Setaria faberi Giant Foxtail 0.558 0.222 -0.506 0.216 0.393 0.069 
Schsco Schizachyrium scoparium Little Bluestem -1.410 1.189 -0.254 -0.241 0.779 -0.616 
Dacglo* Dactylis glomerata Orchard Grass -0.793 0.155 -0.343 -0.338 -0.478 0.209 
Phlpra Phleum pratense Timothy Grass -0.957 1.177 -0.277 -0.464 0.921 -0.582 
Boucur Bouteloua curtipendula 
Side Oats 
Gramma -1.647 0.798 -0.508 0.327 0.696 -0.576 
Phaaru Phalaris arundinacea Reed canary 2.338 0.688 -0.637 0.755 0.369 -0.078 
Echcru Echinochola crusgalli Barnyard grass -0.272 -1.206 -0.489 -0.927 0.327 0.787 
Panspp Panicum species Panicum species -0.272 -1.206 -0.489 -0.927 0.327 0.787 
UnknownGA  
Unknown Grass 
A -1.632 1.399 -0.160 0.081 0.571 -0.505 
UnknownGB  
Unknown Grass 
B 0.313 -0.381 -0.589 -0.957 -0.287 0.422 
UnknownGC  
Unknown Grass 
C 0.073 -0.623 -1.096 -0.632 -1.687 -1.168 
UnknownGD  
Unknown Grass 
D -0.320 0.011 -0.116 -0.416 -0.148 -0.840 
UnknownGE  
Unknown Grass 
E 0.484 -0.582 0.990 0.550 1.027 0.779 
UnknownGF  
Unknown Grass 
F 0.292 -1.873 -1.768 0.925 1.227 -0.137 
UnknownGG  
Unknown Grass 
G 0.292 -2.150 -2.247 1.159 1.415 -0.312 
UnknownGH  
Unknown Grass 
H 0.292 -2.150 -2.247 1.159 1.415 -0.312 
UnknownGI  
Unknown Grass 
I -0.720 -2.774 -2.053 1.872 1.437 -0.069 
UnknownGJ  
Unknown Grass 
J 2.231 0.824 0.237 -0.336 0.404 -0.171 
UnknownGK  
Unknown Grass 
K -1.027 0.984 -0.292 0.481 1.441 -0.841 
Solalt* Solidago altissima Tall Goldenrod 0.603 -0.047 0.177 -0.012 0.091 0.060 
Solohi Solidago ohiensis Ohio Goldenrod 0.142 -0.332 -0.017 -1.699 -0.006 0.233 
Solgig?* Solidago gigantea*. Late Goldenrod -0.142 -0.461 1.204 0.088 0.756 -0.154 
Solnem* Solidago nemoralis. Field Goldenrod 0.291 -0.141 0.411 -0.425 -0.179 0.187 
Solmis Solidago missouriensis 
Missouri 
Goldenrod 0.039 -1.042 -1.340 0.838 0.167 0.138 
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Solgig Solidago gigantea Late Goldenrod 0.410 0.461 1.127 0.521 0.964 1.804 
Soljun Solidago juncea Early Goldenrod -0.406 0.276 -0.164 0.880 -0.488 0.532 
Solspp Solidago spp. Goldenrod species 0.115 -0.169 -0.936 0.626 -0.622 0.172 
Solcan Solidago canadensis 
Canada 
Goldenrod -0.709 -0.168 0.332 0.667 -1.076 0.810 
Solgra Solidago gramnifolia 
Grass-leafed 
Goldenrod 0.001 -0.014 -0.328 0.307 -0.262 0.456 
Solrid Solidago riddellii Solidago Riddellii 0.771 -0.477 0.351 0.583 0.771 0.528 
Solspp2 Solidago spp. Goldenrod species 0.292 -2.150 -2.247 1.159 1.415 -0.312 
Ascsyr Asclepias syriaca Common Milkweed 1.426 0.729 -0.326 1.094 -0.092 -0.247 
Ascspp Asclepias spp. Milkweed Species -0.720 -2.774 -2.053 1.872 1.437 -0.069 
Ascver Asclepias verticillata 
Whorled 
Milkweed 0.065 0.859 0.411 -1.496 0.398 0.690 
Apocan Apocynum cannabinum 
Dogbane/Indian 
Hemp 0.398 -0.799 1.411 0.020 -0.367 -3.085 
Cirarv Cirsium arvense Canada Thistle -1.394 0.905 -0.428 -0.192 0.570 -0.605 
Ciralt Cirsium altissima Tall Thistle -1.244 1.191 -0.281 0.046 0.810 -0.684 
Cirspp4 Cirsium spp Thistle species -1.869 1.176 -0.443 0.125 0.191 -0.470 
Ciralt_sow Cirsium spp Canada/Sow Thistle -0.209 0.199 -0.191 0.725 -0.863 0.844 
Cirdis Cirsium discolor Pasture Thistle 1.142 1.466 -0.103 2.585 -0.620 -0.509 
Ciralt.1* Cirsium altissima Tall Thistle 0.257 -1.562 2.561 -0.008 -0.658 -4.820 
Taroff Taraxacum officinale 
Common 
Dandelion -0.946 0.395 -0.218 0.048 0.073 -0.141 
Lacser* Lactuca serriola Prickly Lettuce 0.043 -0.160 -0.553 -0.598 -0.353 0.307 
Lacvir Lactuca virosa Wild Lettuce -1.117 0.940 -0.322 0.405 1.226 -0.754 
Pycvir* Pycanthenmum virginianum Mountain Mint 0.311 0.188 0.130 -0.033 -0.352 0.394 
Monfis* Monarda fistulosa Wild Bergamot -0.415 0.239 -0.061 0.207 -0.084 0.034 
Cortri Coreopsis tripteris Tall Coreopsis -0.036 0.097 -0.383 0.143 -0.757 0.115 
Silspp Silphium spp Silphium sp. -0.005 0.098 0.467 0.282 -0.523 0.908 
Silter Silphium terebinthinaceum Prairie Dock 0.978 1.258 -0.361 1.318 -0.899 -0.724 
Silint* Silphium integrifolium Rosinweed -0.497 0.820 -0.243 0.488 -0.341 -0.185 
Sillac Silphium laciniatum Compass Plant 0.120 0.363 -0.717 -0.401 -0.359 -0.860 
Silper Silphium perfoliatum Cup Plant 0.080 -0.889 1.093 -0.052 0.020 -0.020 
Zizaur* Zizia aurea Golden Alexander -0.245 0.330 -0.252 -0.341 -0.122 0.103 
Batalb Baptisia alba White Indigo -0.913 1.060 -0.492 -0.456 0.509 -0.718 
Solrig Solidago rigida Stiff Goldenrod 0.018 -0.165 -0.305 -0.120 -0.742 0.080 
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Parint* Parthenium integrifolium Wild Quinine -0.170 -0.172 -0.355 -0.094 -0.674 0.196 
Darcar* Darcus carota Wild Carrot -0.011 0.043 -0.270 0.688 0.000 -0.003 
Torjap Tortillis japonica Hedge Parsley 2.231 0.824 0.237 -0.336 0.404 -0.171 
Achmil* Achillea millefolium Yarrow 0.287 -0.280 0.108 0.346 -0.475 0.435 
Pruame Prunus americana Plum Shrub? -0.909 0.250 0.228 0.859 -1.591 0.994 
Genalb Gentiana flavida Cream Gentian -0.295 -1.003 -0.755 0.742 -0.232 0.377 
Eryyuc* Eryngium yuccifoloum 
RattleSnake 
Master -0.014 -0.510 0.626 -0.063 -0.066 0.499 
Trispp Trifolium spp. Clover Sp. -0.754 1.749 -0.202 -0.622 1.281 -1.059 
Tripra* Trifolium pratense Red Clover -0.506 -0.216 -0.530 -0.012 -0.267 0.115 
Medlup Medicago lupulina Black Medick -0.885 1.040 -0.266 -0.312 0.393 -0.330 
Meloff Melilotus officinalis 
Yellow Sweet 
Clover 0.178 -0.613 -0.461 -0.599 0.238 0.490 
Trirep Trifolium repens White Clover -0.101 -1.086 -1.174 0.966 0.518 0.154 
Melabl Melilotus alba White Sweet Clover 1.005 0.057 -0.978 0.522 -1.152 -0.282 
Medsat Medicago sativa Alfalfa 0.664 -1.319 1.426 -0.730 -0.128 -3.483 
Ratpin* Ratibida pinnata Yellow Coneflower -0.232 -0.124 -0.493 0.059 -0.012 -0.408 
Echpal* Echinacea pallida Pale Purple Coneflower -0.400 -0.656 0.518 0.741 -0.626 0.644 
Asteri Aster ericodus/piluosis Heath/ Hairy -0.572 0.707 -0.707 0.290 -0.208 -0.786 
Echpur Echinacea purpurea 
Purple 
Coneflower 0.028 -0.166 -0.091 -1.544 0.106 0.150 
Pedspp Pedicularia spp. Betony Species -0.331 0.134 -0.576 0.373 -1.572 0.430 
Penspp* Penstamen spp. Beardtongue 0.013 -0.343 0.108 -0.631 -0.601 0.244 
Potarg Potentilla arguta Prairie Cinquefoil -0.354 0.096 -0.114 -0.293 -0.859 0.938 
Potsim Potentilla simplex 5 Finger Cinquefoil 1.406 1.832 -0.267 3.005 -0.465 -0.648 
Anespp Anenome spp Anemone species -0.201 -0.504 -0.418 -0.333 -1.053 -0.583 
Amocan Amorpha canescens Lead Plant -0.648 -0.310 0.686 0.154 -0.023 0.370 
Toxrad Toxicodendron radicans Poison Ivy 0.136 -0.416 0.996 0.845 0.305 0.707 
Vervir* Veronicastrum virginicum Culver's Root -0.013 -0.583 -0.456 -0.262 -0.055 0.480 
Astlae Aster laevis Smooth Blue Aster 0.337 -0.410 -0.848 1.041 0.589 0.093 
astnov Aster novea-anggliae 
New England 
Aster 0.791 0.838 -0.034 1.217 -0.387 -0.326 
Rosmul Rosa multiflora Multi-flora Rose 0.257 -1.562 2.561 -0.008 -0.658 -4.820 
Rudhir* Rudbeckia hirta Black-eyed Susan -0.345 0.131 0.116 0.473 -0.018 0.145 
Rudspe_sul Rudbeckia Showy Black- -0.347 -1.169 -1.443 0.669 1.009 -0.254 
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speciosa sullivanti eyed Susan 
Rudsub Rudbeckia submentosa 
Sweet Black-
eyed Susan -0.065 -0.175 0.599 0.693 -1.301 0.156 
Fraves Fragaria virginiana Strawberry 0.145 -0.250 -0.975 -0.207 -1.749 -0.463 
Caroval Carex spp. Oval Sedge species -0.994 1.474 -0.670 -0.192 0.356 -0.672 
Carbic Carex bicknellii/brevior 
Oval Sedge 
species -0.480 0.342 -0.661 -0.402 -0.822 -0.913 
Carspp1 Carex spp. Unknown Carex 1: see sample -0.491 -0.363 -0.612 -0.117 -1.313 0.533 
Carmol Carex molesta Troublesome sedge -0.129 0.352 -0.277 -1.647 -0.818 1.063 
Cypesc Cyperus spp. Nut Sedge species 0.049 0.969 0.542 -1.572 0.594 0.865 
Junspp Juncus spp. 
Rush (Juncus 
spp. (tenuis, 
dudleyi, 
interior) 
-0.159 0.401 -0.256 -1.694 -0.854 1.106 
Carvul Carex vulpinodea Fox Sedge 0.097 -1.824 -1.640 0.438 1.039 0.067 
Traohi* Tradescansia ohiensis Spiderwort 0.813 0.341 0.147 0.439 -0.467 0.591 
Lotcor Lotus corniculatus Bird's Foot Trefoil 0.168 -0.443 1.285 0.797 0.200 0.658 
Desspp Desmodium spp. Tick Trefoil 0.394 -0.213 -0.586 -1.056 -0.762 -0.140 
Helspp4 Helianthus spp. Sunflower species 1.406 1.832 -0.267 3.005 -0.465 -0.648 
Helhel Heliopsis helianthoides False sunflower 1.080 -0.059 -0.588 0.249 0.351 0.206 
Helgro Helianthus grosseserratus 
Saw Tooth 
Sunflower 0.716 -0.199 -0.705 -1.316 0.744 0.086 
Helmal Helianthus mollis Downy Sunflower 0.755 -0.250 -1.665 0.257 -2.588 -0.983 
Helspp5 Helianthus spp. Sunflower species -1.923 0.714 -0.603 0.281 0.271 -0.420 
Veralt_Helaut 
Helenium 
autumnale/ 
Verbesina 
alterifolia 
Sneezeweed/ 
Wingtem -0.159 0.401 -0.256 -1.694 -0.854 1.106 
Lawn  Lawn mix 0.317 -0.467 -0.952 -1.574 0.833 0.154 
Plamaj Platago major Common Plaintain 0.317 -0.467 -0.952 -1.574 0.833 0.154 
Conspp Convolvulus spp. Bind Weed species 1.062 -0.491 -0.901 -1.441 0.557 -0.407 
Allpet Alliaria petiolata garlic mustard 1.969 1.685 0.496 0.309 0.387 -0.022 
mustardA  
Unknown 
mustard species 1.969 1.685 0.496 0.309 0.387 -0.022 
mustardB  
Unknown 
mustard species 1.969 1.685 0.496 0.309 0.387 -0.022 
mustardc  Mustard 0.722 0.727 -0.548 -0.910 -1.636 -1.149 
CrabGrassLike  
Crab Grass-like 
species -0.135 0.467 -0.164 -1.680 -0.688 1.078 
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Phyvir Physostegia virginiana Obidient Plant -1.756 0.704 -0.563 0.152 0.235 -0.326 
Ambart Ambrosia artemisiffolia 
Common 
Ragweed -1.322 1.297 -0.326 -0.188 1.042 -0.816 
Ambtri Ambrosia trifida Giant Ragweed 0.991 -0.135 -0.582 0.171 0.349 0.244 
Oxaspp Oxalis spp. Wood Sorrel species 0.074 0.703 0.421 -1.431 0.592 0.843 
Rubid_astr Rubus idaeus strigosus Rasberry -0.044 0.674 -0.983 -0.317 -0.712 -1.037 
Rubocc Rubus occidentalis Black Raspberry 1.547 1.124 -0.173 1.100 -0.507 0.328 
Vitspp Vitis spp. Grape 1.431 0.123 -1.356 0.614 -1.359 -0.592 
Pruser Prunus serotina Black Cherry -1.923 0.714 -0.603 0.281 0.271 -0.420 
Pruame.1* Prunus americana Wild Plum 1.406 1.832 -0.267 3.005 -0.465 -0.648 
smallshrub  
Small shrub 
species 0.038 -0.146 -0.648 -0.328 -1.559 -0.627 
Shrubunknown2  
Unknown shrub 
species -0.648 -0.310 0.686 0.154 -0.023 0.370 
Shrubunknown3  
Unknown shrub 
species 0.123 -0.341 1.172 1.026 0.270 0.708 
Eriphi Erigeron philadelphicus Fleabane 1.752 1.080 0.258 0.533 0.137 -0.136 
carrotspp  
Carrot Species: 
Wild Parsley 2.231 0.824 0.237 -0.336 0.404 -0.171 
Parqui Partenocissus quinquefolia virginia creeper 1.406 1.832 -0.267 3.005 -0.465 -0.648 
Agrspp Agrimonia spp. agremony species 1.969 1.685 0.496 0.309 0.387 -0.022 
Eupcor Euphorbia corollata 
Flowering 
Spurge 0.095 0.851 0.444 -1.428 0.419 0.726 
Polspp2 Polygonum spp Polygonum species 0.257 -1.562 2.561 -0.008 -0.658 -4.820 
Polspp3 Polygonum spp Polygonum species 0.105 -0.595 -1.028 -0.525 -1.647 -1.083 
Lycame Lycopus americanus 
American 
Bugleweed 0.292 -2.150 -2.247 1.159 1.415 -0.312 
unknownHA  
Unknown A 
(herb) -0.712 1.507 -0.896 -0.312 0.261 -0.746 
UnknownHB  
UnKnown B 
(herb) -0.272 -1.206 -0.489 -0.927 0.327 0.787 
UnknownHC  
UnknownC 
(herb) -0.272 -1.206 -0.489 -0.927 0.327 0.787 
UnknownHD  
Unknown E 
(herb) 1.080 -0.059 -0.588 0.249 0.351 0.206 
UnknownHE  
Unknown F 
(herb) -0.159 0.401 -0.256 -1.694 -0.854 1.106 
UnknownHG  
Unknown G 
(herb) 1.572 -0.779 -1.108 -2.342 1.056 -0.500 
UnknownHH  
Unknown H 
(herb) 0.755 -0.250 -1.665 0.257 -2.588 -0.983 
UnknownHJ  
Unknown I 
(herb) 0.722 0.727 -0.548 -0.910 -1.636 -1.149 
UnknownHK  Unknown J 0.722 0.727 -0.548 -0.910 -1.636 -1.149 
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(herb) 
UnknownHL  
Unknown M 
(herb) 0.082 0.367 -0.565 -0.130 -1.597 -0.189 
UnknownHQ  
Unknown Q 
(herb) -1.057 -0.827 0.387 0.984 -1.011 0.870 
UnknownHR  
unknown R 
(herb) -0.213 0.183 -0.186 0.909 -0.864 0.824 
 
 
Appendix F: 
Weighted Averages (WA) Site Scores for 45 sampling units in 9 Kane County Forest Preserves. 
Response variables analyzed: Rare species removed from analysis (relative percent cover). 
Explanatory variables analyzed: 18 environmental/management factors.  
 
 Preserve 
Sample Unit 
per preserve CCA1 CCA2 CCA3 CCA4 CCA5 CCA6 
AW1 Aurora West 1 0.108 -0.760 1.437 -0.071 0.264 -0.104 
AW2 Aurora West 2 -0.066 -0.727 1.664 0.180 0.224 0.080 
AW5 Aurora West 5 -0.377 -0.391 1.581 0.326 0.489 0.253 
DY1 Dick Young 1 -0.196 -0.537 0.414 -0.120 -1.437 0.466 
DY2 Dick Young 2 -0.743 -0.317 0.144 0.793 -1.221 0.865 
DY3 Dick Young 3 -1.146 0.315 -0.087 0.775 -1.259 0.945 
DY4 Dick Young 4 -0.474 -0.499 0.096 0.703 -1.063 0.866 
DY5 Dick Young 5 0.461 -1.672 2.618 -0.018 -0.138 -5.028 
DY6 Dick Young 6 -0.421 -0.492 -0.258 0.216 -1.286 0.267 
DY7 Dick Young 7 -0.657 0.555 -0.019 0.223 -0.641 0.634 
DY8 Dick Young 8 -0.443 -0.413 -0.787 0.309 -1.652 0.365 
PK1 Prairie Kame 1 -0.146 -0.108 -0.121 -1.399 -1.044 0.457 
PK2 Prairie Kame 2 -0.075 0.350 -0.021 -1.711 -0.344 1.293 
PK3 Prairie Kame 3 0.504 -0.489 -0.291 -0.358 -0.575 0.429 
PK4 Prairie Kame 4 0.250 -0.259 0.068 -1.609 -0.403 0.482 
PK5 Prairie Kame 5 1.500 -1.243 -0.771 -3.241 1.377 -1.221 
PK6 Prairie Kame 6 1.022 -0.135 -0.422 -1.617 0.980 0.303 
PK7 Prairie Kame 7 -0.345 -0.191 -0.719 -1.146 -0.236 0.565 
PK8 Prairie Kame 8 -0.260 -0.637 -0.631 -0.477 -0.313 0.645 
HW3 Hannaford Woods 3 0.699 -0.797 -0.541 -1.014 0.612 0.791 
HW4 Hannaford Woods 4 -0.364 -2.538 -2.017 1.940 1.616 0.150 
HW5 Hannaford Woods 5 -0.007 -2.827 -3.399 1.908 2.506 -0.381 
HW8 Hannaford Woods 8 -0.222 0.083 1.417 0.329 0.894 1.406 
LO3 LeRoy Oaks 3 -0.006 0.414 -0.675 -0.663 -1.824 -0.970 
LO4 LeRoy Oaks 4 -0.165 -0.487 -0.829 -0.827 -2.133 -1.236 
LO5 LeRoy Oaks 5 0.691 -0.540 -1.275 0.058 -3.088 -0.888 
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LO7 LeRoy Oaks 7 -0.407 -0.314 1.097 0.241 -0.047 0.459 
BR1 Big Rock 1 0.427 -1.237 1.980 0.733 0.971 0.700 
BR2 Big Rock 2 -0.200 -0.613 1.416 0.378 0.436 0.153 
BR3 Big Rock 3 -0.052 -0.824 1.983 0.661 0.269 0.644 
BR4 Big Rock 4 -0.193 -0.506 1.230 0.424 -0.337 1.075 
MS1 Muirhead springs 1 -1.232 1.207 -0.260 -0.022 0.401 -0.583 
MS2 Muirhead springs 2 -1.277 0.764 -0.226 0.193 0.429 -0.147 
MS3 Muirhead springs 3 -2.023 1.554 -0.565 0.216 1.014 -1.191 
MS4 Muirhead springs 4 -1.365 0.876 -0.359 -0.002 0.310 -0.334 
MS5 Muirhead springs 5 -1.330 0.948 -0.411 0.229 0.894 -0.728 
MS6 Muirhead springs 6 -1.155 0.843 -0.136 0.163 0.964 -0.718 
MS7 Muirhead springs 7 -1.052 1.119 -0.174 0.039 0.285 -0.212 
MS8 Muirhead springs 8 -1.546 1.676 -0.483 -0.700 1.572 -1.494 
C1 Campton 1 1.096 0.855 -0.228 0.788 -0.149 0.251 
C7 Campton 7 3.058 1.755 -0.070 0.617 0.841 -0.026 
B1 Burnidge 1 2.002 2.395 -0.387 3.217 -0.565 -0.793 
B2 Burnidge 2 3.015 1.299 -0.757 1.094 0.294 -0.226 
B3 Burnidge 3 1.988 1.326 -0.227 -0.215 0.854 0.395 
B4 Burnidge 4 1.203 1.208 -0.059 -1.624 1.227 1.233 
 
 
 
Appendix G: 
Bird Species Scores for first CCA analysis- Rare species were removed from the dataset and 
compared to 18 different environmental/management factors 
 
 Scientific Name Common Name CCA1 CCA2 CCA3 CCA4 CCA5 CCA6 
Chavoc 
Charadrius 
vociferus Killdeer 0.081 -0.294 0.433 -1.199 0.282 -0.386 
Geotri Geothlypis trichas 
Common 
Yellowthroat -0.062 0.207 0.137 0.183 -0.111 0.063 
Ammsav 
Ammodramus 
savannarum 
Grasshopper 
Sparrow -0.210 0.843 0.485 -0.260 -0.322 0.897 
Agepho Agelaius phoeniceus 
Red-Winged 
Blackbird -0.281 -0.116 -0.072 -0.056 0.054 -0.202 
Stumag Sturnella magna Eastern Meadowlark -0.404 0.138 0.147 0.136 0.230 -0.133 
Turmig Turdus migratorius American Robin 0.531 -0.441 0.483 -0.729 0.104 0.009 
Spiame Spiza americana Dickcissel -0.278 0.307 0.464 -0.120 0.248 0.529 
Ardher Andea herodias Great Blue Heron 0.496 -0.402 0.156 -0.525 0.444 -0.099 
Butvir Butorides virescens Green Heron 1.581 -0.286 1.121 -1.649 0.279 -0.325 
Anapla Anas platyrhychos Mallard 1.709 -0.471 -2.179 -1.670 -0.525 0.220 
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Cispla 
Cistothorus 
platensis Sedge Wren -0.571 -0.312 -0.393 0.287 0.711 -0.389 
Troaed Troglodytes aedon House Wren 1.761 -0.519 1.356 -0.637 0.306 -0.514 
Porcar Porzana carolina Sora -0.224 0.038 0.346 -0.065 0.907 0.427 
Melmel Melospiza melodia Song Sparrow 0.309 0.246 0.003 -0.100 -0.047 0.168 
Pasdom Passer domesticus House Sparrow -0.963 -2.363 -0.060 0.008 1.022 0.908 
Dolory 
Dolichonyx 
oryzivorus Bobolink -0.467 0.677 -0.506 -0.076 -1.076 -0.376 
Phacol Phasianus colchicus 
Ring-Necked 
Pheasant -0.483 0.654 -0.743 0.030 -0.576 -0.324 
Passan 
Passerculus 
sandwichensis Savannah Sparrow 0.072 1.051 0.480 -0.192 -0.580 0.998 
Zanmac Zenaida macroura Mourning Dove 0.846 -0.245 1.313 -0.491 -0.215 -0.347 
Hirrus Hirundo rustica Barn Swallow 0.698 0.436 1.048 -1.249 -0.360 0.294 
Tacbic Tachycineta bicolor Tree swallow 1.119 -0.183 -0.075 -0.055 0.207 -0.034 
Steser 
Stelgidopteryx 
serripennis 
Northern Rough-
winged Swallow 1.027 0.091 1.503 1.182 -0.171 -0.263 
Molate Molothrus ater 
Brown-headed 
Cowbird 0.706 0.538 -2.182 -0.520 0.167 0.969 
Spitri Spinus tristis American Goldfinch 1.305 -0.012 -0.363 0.229 -0.150 -0.127 
Ixoexi Ixobrychus exilis Least Bittern -0.777 -2.625 -0.249 0.602 -1.451 1.716 
Quiqui Quiscalus quiscula Common Grackle 0.287 0.443 -1.540 0.054 1.448 1.588 
Melgeo 
Melospiza 
georgiana Swamp Sparrow 0.021 -0.103 1.288 -0.241 1.013 0.468 
Spipus Spizella pusilla Field Sparrow 0.828 0.305 0.304 1.392 0.330 -0.012 
Ammhen 
Ammodramus 
henslowii Henslow's Sparrow -0.019 0.534 -0.239 1.552 0.493 -0.055 
Podpod 
Podilymbus 
podiceps Pied-billed Grebe -0.808 -1.352 0.229 0.920 -1.113 -0.247 
Tyrtyr Tyrannus ttrannus eastern kingbird -0.126 -0.324 -1.386 0.324 1.342 0.468 
Poeatr Poecile atricapillus 
Black-capped 
Chickadee 1.867 0.679 0.782 1.982 -0.169 -0.009 
Siasia Sialia sialis Eastern Bluebird 1.280 -0.418 -0.073 0.816 0.340 -0.395 
Emptra Empidonax traillii Willow Flycatcher 1.228 -0.067 -0.824 -0.134 -0.686 -0.425 
Toxruf Toxostoma rufum Brown Thrasher 1.468 -0.459 -1.881 -1.167 -0.294 -0.119 
Setpet Setophaga petechia Yellow Warbler 0.957 -0.496 -0.029 -0.869 0.003 -0.464 
Melcar 
Melanerpes 
carolinus 
Red Bellied 
Woodpecker 0.580 -2.464 0.037 0.773 -1.511 0.910 
Carcar 
Cardinalis 
cardinalis Cardinal 1.364 -0.822 0.157 -0.750 -0.078 -0.584 
Corbra 
Corvus 
brachyrhynchos American Crow 1.465 -0.297 0.673 1.136 -0.355 -0.469 
Bomced 
Bombycilla 
cedrorum Cedar Waxwing 1.469 -0.228 0.014 0.109 -0.313 -0.118 
Virfla Vireo flavifrons 
Yellow-throated 
Vireo -0.154 -3.720 -0.054 1.289 -2.411 1.978 
Dumcar 
Drumetella 
carolinensis Gray Catbird 1.904 -0.806 -0.527 -0.220 -0.385 -0.609 
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Appendix H: 
Weighted Averages (WA) Site Scores for 45 sampling units in 9 Kane County Forest Preserves. 
Response variables analyzed:  Rare bird species removed (relative abundance). Explanatory 
variables analyzed: 18 environmental/management factors.  
 
 Preserve 
Sample Unit per 
preserve CCA1 CCA2 CCA3 CCA4 CCA5 CCA6 
AW1 Aurora West 1 -0.997 -0.157 -0.059 0.001 0.517 -1.180 
AW2 Aurora West 2 -0.962 -1.170 -0.168 0.717 -0.309 -1.408 
AW5 Aurora West 5 -0.849 -4.589 0.104 1.357 -2.955 2.820 
DY1 Dick Young 1 -0.838 0.222 -0.305 -0.008 -0.276 -1.031 
DY2 Dick Young 2 -0.763 0.026 -0.406 0.044 -0.129 -1.221 
DY3 Dick Young 3 -0.747 0.166 -0.160 0.297 0.080 -1.000 
DY4 Dick Young 4 -0.989 0.226 -0.492 -0.036 -0.537 -1.278 
DY5 Dick Young 5 -0.392 0.435 -0.312 0.369 -0.438 -0.680 
DY6 Dick Young 6 -0.117 0.144 -0.074 0.258 -0.018 -0.571 
DY7 Dick Young 7 -0.038 0.373 0.109 0.236 -0.012 -0.099 
DY8 Dick Young 8 -0.924 -0.606 -0.238 0.122 -0.347 -1.178 
PK1 Prairie Kame 1 -0.438 -0.244 0.284 -0.572 0.871 -0.298 
PK2 Prairie Kame 2 -0.366 -0.509 0.598 -0.931 0.683 -0.906 
PK3 Prairie Kame 3 -0.771 -0.349 0.555 -0.276 0.051 1.005 
PK4 Prairie Kame 4 -0.627 0.191 0.222 -0.346 1.597 1.002 
PK5 Prairie Kame 5 -1.674 -2.757 0.034 -0.126 2.357 1.444 
PK6 Prairie Kame 6 -0.706 -0.152 0.587 -0.529 0.794 -0.460 
PK7 Prairie Kame 7 -0.595 0.172 0.439 -0.336 0.251 -0.067 
PK8 Prairie Kame 8 -0.524 0.746 1.275 -0.366 0.830 1.625 
HW3 Hannaford Woods 3 1.163 -0.892 2.139 -0.684 0.074 -0.391 
HW4 Hannaford Woods 4 1.128 -0.495 1.611 -2.347 0.603 -0.181 
HW5 Hannaford Woods 5 0.256 -0.708 0.082 -1.065 0.237 -1.321 
HW8 Hannaford Woods 8 1.904 -0.530 1.544 -2.074 0.376 -0.231 
LO3 LeRoy Oaks 3 2.275 -1.234 -0.406 1.233 -1.275 -0.162 
LO4 LeRoy Oaks 4 3.061 -0.413 -0.416 0.712 -0.022 -0.932 
LO5 LeRoy Oaks 5 2.455 -0.473 -2.735 -1.101 -0.746 0.155 
LO7 LeRoy Oaks 7 1.518 -0.716 0.078 -0.874 0.064 -1.466 
BR1 Big Rock 1 -0.094 0.434 -0.125 2.217 1.720 0.128 
BR2 Big Rock 2 0.138 0.747 0.599 2.926 1.258 -0.021 
BR3 Big Rock 3 0.541 1.007 -0.230 2.334 0.266 -0.005 
BR4 Big Rock 4 1.899 1.105 0.978 3.217 -0.206 0.277 
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MS1 Muirhead springs 1 -0.582 1.655 0.834 -0.207 -1.168 1.804 
MS2 Muirhead springs 2 0.519 0.955 -0.154 -0.585 -0.304 1.684 
MS3 Muirhead springs 3 -0.389 1.534 0.790 -0.720 -1.604 1.418 
MS4 Muirhead springs 4 -0.131 0.454 1.131 -0.874 -0.165 0.554 
MS5 Muirhead springs 5 -0.845 1.630 0.510 -0.556 -1.682 1.498 
MS6 Muirhead springs 6 -0.995 0.610 -0.152 -0.258 -0.927 -0.442 
MS7 Muirhead springs 7 -0.761 0.713 0.023 -0.154 -0.541 0.042 
MS8 Muirhead springs 8 -0.520 0.916 0.992 -0.400 0.109 1.743 
C1 Campton 1 -1.077 0.925 -0.832 0.580 -1.519 -1.463 
C7 Campton 7 -0.774 -0.521 -1.538 0.171 1.946 -0.516 
B1 Burnidge 1 0.285 1.036 -2.813 -1.022 -2.276 -0.307 
B2 Burnidge 2 0.768 -0.665 -0.727 -1.229 0.289 -1.065 
B3 Burnidge 3 1.084 0.428 -4.209 -0.632 2.197 2.771 
B4 Burnidge 4 2.067 -0.258 0.679 1.063 0.093 -0.932 
 
 
